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ABSTRACT 

This volume of student materials for a 
secondary/postsecondary level course in principles of fuel and fuel 
systems is one of a number of military-developed curriculum packages 
selected for adaptation to vocational instruction and curriculum 
develoi>ment in a civiilian setting. The purpose of the individualized, 
self-paced course is io provide the student with a general knowledge 
of the principles of fuels and the function, operation, and 
maintenance of components utilized in fuel systems. The course is 
suggested for use as a subunit in an engine repair or design course. 
Five lessons cover these topics: introduction to fuels and fuel 
systems, fuel system components, carburetor circuits, gasoline 
fuel-injection systems, and multifuel systems. Study texts for each 
lesson contain objectives, study assignment text material, review 
exercises, and answers to the exercises. A special section entitled 
'^Fuel Injection** is also included. A course examination is included, 
but no answ^jrs are provided. (YLB) 
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MILITARY CURRICULUM MA3ERIALS 

The military-developed curri^joliM materials in this course 
oadcage were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies. The purpose o£ 
dissaTiinating tliese courses was to make aarriculum_ materials 
developed by the military more accessible to vocational 
educators in the civilian setting. 

The course materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination. Materials which were specific to the nilitary 
were deleted, copyrighted materials were either emitted or appro- 
val for their use was obtained. These course packages contain 
curriculum resource materials which can be adapted to support 
vocational instruction and curriculiM development. 
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Mission Statement 
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The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services ^ 

• Conchicting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 
Military Curriculum Materials 

WRITE OR CALL 

Proyraiu Information Office 
The National Center for Research In Vocational 
Education 
^. The Ohio State Unlveisity 

1960 Kenny Road, Columbus, Ohio 43210 
Q Telephone: 614/486-3655 or Toll Free 800/ 

848-4015 within the continental U.S* 
(except Ohio) 
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accjuisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
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Access to military currlculun.- mateiials is 
provided thiough a "Joint Memorandum of 
Understandiiuj" between the U.S. Offico of 
Education and the Department of Defense. 

The ac(iuiied materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's desujnaled representative to 
ac(|uire the materials and conduct the |)roject 
activities. 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
manuals. 
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you to an instructional materials agency 
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Course Description 

This course is designed to provide the student with a general knowledge of the principles of fi.els and the function, operation, and maintenance of 
components utilized in fuel systems. It is divided into five lessons. 

Lesson 1 - Introduction to Fuels and Fuel Systems describes the characteristics of fuel combustion and carbunzation, and the purpose 
of fuel system components. 

Lesson 2 - Fuel System Components covers the construction, operation, and maintenance of components included »n conventional 
fuel systems. 

Lesson 3 - Carburetor Circuits discusses the purpose and function of basic carburetor circuits, and common troubleshooting and 
maintenance operations on carburetors. 

Lesson 4 - Gasohne Fuel Injection Systems discusses the principles of air-fuel injection, and construction, operation, and maintenance 
of a representative gasoline fuel injection system. 

Lesson 5 - Multituel System covers the philosophy of multifuel engines, construction and operation of multifuel systems, and principles 
of diesel, multifuel, and gas turbine engines. 

This course is dessgned foi student self-study and evaluation. Each lesson contains objectives, coded text material, review exercises and answers to the 
exercises. The answers are programmed so the student has immediate feedback on a correct answer. An incorrect answer refers the student back to the 
text for further reading, before continu:ng the exercises. A course examination is available, but no answers are provided. This course can be used as a 
sub-unit in any engine repair or design course. 
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ORDNANCE SUBCOURSE NUMBER 403, PRINCIPLES OF FUELS 

AND, FUEL SYSTEMS 
( 16 Credit Hours) 

INTRODUCTION 

The Army's ground mobiiity is based essentially on the reciprocating engine, either 
sparK Ignition or compression ignition. This is due to the high degree of development this 
type engine has received during the past 50 to 80 years; development which has produced 
flexible, reliable, relatively economical engines. 

The reciprocating engine is basically a device for converting the high internal energy 
of not gases (procuced by the combustion of a hydrocarbon fuel in air) to mechanical energy. 
This IS done by transforming the linear motion of Che piston produced by the force of 
expanding gases to rotarv motion of the crankshaft. 

Of utmost importance in the operation of an internal combustion engine is the fuel used 
and the system used to supply the fuel-air mixture to the proper place at the proper time. 

Tnis subcouise is designed to provide you with a general knowledge of the principles of 
fuels and the lunction, operation, and maintenance of components utilized in fuel systems. 



This suDCOurse 



consists of five lessons and an examination, organized as follows: 



Lesson i Introduction to Fuels and Fuel Systems 

5^;ope — Characteristics of fuel, principles of fuel combustion and carburetion, 
and the purpose of fuel system components. 

Lesson 2 Fuel System Components 

Scope — Construction, operation, and maintenance of components included m . 
conventional fuel systems. 

Lesson 3 Carburetor Circuits 



Scooe — Puroose 



and functions of basic carburetor circuits; common trouble- 



shooting and maintenance operations on carburetors. 

Lesson 4 G<iboiine Fuel Injection Systems 

^^^ope — Principles oi air-iuel injection, construction, operatipn, and maintenance 
of a reoresentative gasoline fuel injection system. 



Lesson 3 



Muitiiuel System 

Scope — Philosophy of muitifuel engines; construction and operation of the 

multifuei system, principles of diesel, muliifuel, and gas turbine engines. 



z-xa mi nation 
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Ordnance Subcourse No 403 
July 1975 

' Only one text required for this subcourse. It will be returned to the US Army 
Ordnance Center and School vvith the final examination answer sheet. Final examination 
sheets submitted without this text will be returned to the student ungraded. Before you 
start working on this subcourse check and make certain that in addition to the Study Texts 
incorporated in this lesson booklet, you have the following text: 

ST 9-177, Fuel Injection, January 1973 

If the above item is missing, notify us at once. 

This subcourse may contain errata sheets, Maice sure that you post all necessary 
changes before beginning. 

For your convenience in returning the above text use the postage and fees paid card on 
back cover of this subcourse, DO NOT include your answer sheets in the text. 

Note , - The following references "/ere used in the preparation of this subcourse. 

TM 9-2815-202-34, w/Cl DS and GS Maintenance for Engine, Sep 71 

Diesel, Turbocharged, 8V7iT 

TM 9-2815-210-35, w/CI-5 Engine, Multifuel, LD-465-1 and LDS-465-1 Sep 64 

TM 9-2910-200-35, w/Cl Pump, Injector, Fuel, Simmonds, Model SU Dec 59 

TM 9-8000 Principles of Automotive Vehicles Jan 56 
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CORRESPONDENCE COURSE 

of the 

US ARMY ORDNANCE 
CENTER AND SCHOOL 

LESSON ASSIGNMENT 

Ordnance Subcourse No 403 Principles of Fuels and Fuel Systems 

Lesson i . . . Introduction to Fuels and Fuel Systems 

Credit Hours . . Three 

Lesson Objective • After studying this lesson you will be able to: 

1. Describe the characteristics of fuels. 

2. Describe the principles of fuel connbustion 
and carburetion. 

3. Describe the purpose of fuel system com- 
ponents. 



Study Assignment Study the text that follows. It will provide you 

with information on characteristics of fuel and 
the principles of fuel combustion and carbure- 
tion. It will also provide information on the 
purpose of fuel system components. 

Materials Required Exercise response list and answer sheet. 

Suggestions Study each illustration as you study the text. 



STUDY TEXT 

U INTRODUCTION. 

a. Petroleum is the most common source of fuel for modern internal combustion 
engines. It contains two important elements (carbon and hydrogen) in such proportions that 
they will burn freely in air and liberate heat energy. 

b. No matter how a barrel of crude oil is distilled, various products other than 
gasoline are produced. In the early days of the petroleum industry when kerosene was 
the proQuct in demand, distillation was the answer to the problem. However, with today^s 
vehicles, numbered m the millions, the products in demand are gasoline, diesel fuels, and 
lubricants. 
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c. In the processing of oil, several forms of fuel are obtained. Figure 1 shows 
the approximate percentage of each that is available in a barrel of crude oil. 



83/91 
Gasoline 



Viscosity Sc '^y^J?' 
Pour Limited 
Middle Distillate 



Gasolines 



Kerosenes 



Middle 
Distillates 



Lube Oils" 



Residuals 



3% 



) 44% 



36% 

3% 
8% 



Figure 1. Workable fuel spectrum. 

(1) Crude petroleum obtained from underground deposits is first distilled 
into the various hydrocarbon fractions by heating to the boiling point. The vapors that are 
separated first form the highly volatile "natural" gasoline when condensed. Next is straight 
run gasoline, followed by kerosene, distillate fuels, and lubricants, in that order, leaving 

a paraffin or an asphalt residue, depending upon the basic type of crude petroleum. 

(2) Since fractional distillation would not produce the quantity of gasoline 
needed without an excess of other petroleum products, the heavier, more complex hydro- 
carbons remaining after the gasoline is removed are reduced or split into lighter and less 
complex molecules and are reprocessed to produce more gasoline. This reduction (or 
cracking) is accomplished by either a thermal or catalytic cracking process or both. 
Decomposition by thermal cracking is done at temperatures from 700 F to 1200 F and 
pressures of 10 to 15 atmospheres. The catalytic process, using a catalyst to assist in 
chemical decomposition at similar temperatures and pressures, is more expensive than 
the thermal process, but produces a higher quality fuel with more desirable antiknock 
qualities and less sulfur content. 



2. CHARACTERISTICS OF FUELS. 



a. The greater the hydrogen content of the hydrocarbon molecule, the greater 
the potential heat energy per unit weight. Petroleum is predominately composed of a 
mixture of the paraffin, olefin, naphthene, and aromatic families of hydrocarbons. The 
olefins are not actually found in crude oil; they are formed during refining* 

b. Hydrocarbons with a double -bonded carbon atom are unsaturated and, hence, 
generally more unstable than those that have only single bond saturated carbon atoms. 
Because of these factors the paraffins have more heat energy per unit weight and are 
relatively stable. 
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3. PROPERTIES OF GASOLINE^ As the power to r'xn the internal combustion engine 

IS derived from the fuel burned, the importance of the energy content of fuel is obvious. Less 
apparent^ perhaps, are the facts that an appropriate amount of air must be mixed with the 
fuel to support complete combustion where efficiency is of importance and that, often, fuel 
and air must be present in different proportions required by a wide range of special operat- 
ing conditions* 

a* Volatility is the ease with which the fuel is vaporized under prescribed con- 
ditions. To initiate and complete combustion in the spark ignition engine within permissible 
time limitations, a fuel-air vapor must be present* In cold weather starting or for rapid 
acceleration, a highly volatile fuel is required* Volatility is also desirable to insure that 
raw liquid fuel does not wash the lubricant from piston walls and dilute the crankcase oil. 
After the engine has reached operating temperature, a less volatile fuel is necessary; such 
a fuel IS also desirable for economy in that losses from evaporation will be minimized. 
Vapor lock in a fuel system occurs when vaporization of the fuel in the fuel lines prevents 
a sufficient quantity of liquid fuel for satisfactory operation from reaching the carburetor 
discharge nozzles. Consideration of this problem requires that a fuel must not be so highly 
volatile as to vaporize readily from ambient or radiated engine temperatures. From these 
requirements it can be seen that a carefully blended gasoline failing between the extremes 
of volatility is required for current spark ignition engines. 

b. Stability is the ability of a fuel to retain its initial physical and chemical 
properties. This is essential because of the relatively long periods cf storage after pro- 
duction and the metals and gases to which the fuel will be exposed before being used. 
Olefins and diolefins (chemical properties of gasoline) tend to oxidize, especially when 
exposed to sunlight and high ambient temperatures. This oxidation causes a gum formation, 
not soluble m gasoline, which lodges in fuel lines and carburetor passages, on valves, and 
on the surfaces of the combustion chamber, increasing engine deposits and lacquering of the 
cylinder walls. Chemical reactions with other elements or with themselves will nullify the 
effect of careful blending and antiknock additives. Careful selections of the base stock com- 
ponents, removal of sulfur compounds, tars, resins, and diolefins by chemical treatment, 
and the addition of chemical inhibitors are methods used to promote stability. 

4. OCTANE RATINGS, The ability to resist detonation is such an important fuel 
property that it is desirable to have some standard method of measuring this characteristic. 
For many years this measurement has been accomplished by use of a standard test engine 
in which the performance of a fuel is compared to the performance of various mixtures of 
iso-octane and normal heptane. The results are reported as the octane number of the 
fuel. 

a. To establish a common reference level upon which to base octane rating, a 
standard fuel is used in a standard test engine which is run under specified conditions. 
Engine construction, fuel composition, and operating conditions are specified by the 
American Society for Testing Materials. The engine used is designed so that compression 
ratio may be varied. For this first step of the test, however, the compression ratio is 
maintained at a specified value. Knock intensity of the standard fuel is recorded under 
these conditions. This intensity is measured through a pressure -sensitive device in the 
cylinder that closes an electrical circuit that, in turn, deflects a knock indicator needle in 
proportion to the intensity of knocking. Next, the test engine is run on the fuel whose 
octane rating is to be determined. The compression ratio of the test engine is varied until 
knock intensity is thz same as that of the test engine runring on standard fuel. Keeping the 
same compression ratio, by trial and error, the blend of iso-octane and normal heptane 
t.hat will give again the same knock intensity is determined. The percentage by volume of 
iso-octane in this blend is the octane number or rating of the fuel. 
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b. Iso -octane has great resistance to detonation but normal heptane causes the 
engine to knock. So, the higher the octane rating of the fuel, the greater is its resistance 
to detonation. When the unknown fuel has less tendency to knock than pure octane, the 
rating is reported as 100 plus the number of milliliters of tetraethyl lead per j^allon that 
must be added to the octane to achieve the matching mixture. 

c. Fuels for different purposes demand different conditions of testing if test 
results are to be significant. Several methods of testing and of reporting test data have 
been developed. The basic methods are research, motor, aviation, supercharge, and AN 
performance number (a method of reporting performance data). Only the first two methods 
are used for rating fuels for automotive engines. The other methods are used for aircraft 
purposes. Test conditions for the motor method are more severe than in the research 
method. For this reason, the research method leads to higher octane ratings for a given 
fuel and is the method whose results are most f requ ntly quoted in advertisements. 

^' d. There are limitations to the octane rating of a fuel. It is only one of the 

characteristics of importance in the selection of a motor fuel. All properties of fuels must 
be considered to obtain fuel suitable for given operating conditions. A fuel may have good 
antiknock qualities and be so deficient in another respect to preclude its use in an automotive 
engine. Fuel having the same octane number may give dissimilar performance when 
operated in different engines or even in the same engine. 

e. From this discussion, it can readily be concluded that paying a premium for 
fuel of higher octane rating than a particular engine requires is a waste of money. 

5. CHEMISTRY OF COMBUSTION. 

a. Complete combustion. The term "complete combustion" means combustion in 
which the fuel is completely changed to carbon dioxide and water; that is, there is no fuel 
remaining nor is there any carbon in the form of free carbon or carbon monoxide, 

b. Normal combustion . 

(1) It would be desirable to have combustion initiated and completed at top 
dead center. This would give the constant volume heat addition and the ideal output of the 
air standard cycle. Constant volume heat addition is impossible in the actual cycle, how- 
ever, because of the definite period of time it takes to initiate and complete combustion. 

(2) At the end of the compression stroke on engines having a 7 to 1 or S to 1 
compression ratio, the temperature of the 'frosh charge of fuel reaches about 700° to 800° F 
betore comoustion is initxatr d. Self -ignition temperature of a homogeneous fuel-air mixture 
IS approximately 900° F under quiescent (quiet or still) conditions. The arc of electrical 
energy released across the electrodes of the spark plug must provide sufficient release of 
heat to raise the temperature of the mixture in and near the spark gap above the mixture's 
seif-ignition temperature. Since the actual charge is nonhomogeneous (not the same in 
structure) and a high turbulence exists, the temperature in the spark gap is approximately 
4000° F, which insures ionization and the beginning of dissociation of the fuel molecules. 
Engines with higher compression ratios must use fuels with correspondingly higher self- 
ignition temperatures. 
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(3) Combustion does not begin, however, at the instant the spark jumps the 
gap. A period of time lapses before the fuel and air molecules are energized by the elec- 
trical heat enerv^y to a level where the dissociation reaction of the hydrocarbon and the 
suDsequent combining with oxygen are self-sustaining. Once dissociation of the fuel and 
combining of the carbon and hydrogen with oxygen has begun, the release of heat energy 
from this^initial reaction is sufficient for propagation of further similar reactions. The 
resulting flame front moves across the combustion chamber m a ragged spherical front. This 
advancing flame front is similar to waves or ripples traveling outward from a pebble 
thrown m a pool of water. As an example, consider a long tube containing a fuel and air 
mixture. If the mixture is ignited, the flame front will advance about 3 feet per second. 
This IS far too slow for high speed, high output engines. Flame speeds in modern power- 
plants vary from 20 to o\er 100 feet per second, depending upon the operating conditions. 
In keeping with the flame front, temperatures must be considered because they become 
higner as the flame progresses across the comoustion chamber. The cylinder temperature 
oecomes higner from the heat liberated during combustion as the flame front progresses 
across the combustion chamber. Temperature of the burned gases also increases with the 
increase m chamber pressure. It can be deduced that the combustion chamber pressure 
ribw is gradual, that the temperature and pressure of the last portions to burn (the end gas) 
iS much higher than that of the initial fresh charge, and that the temperature at the spark 
plug iS higher after complete combustion than it was when burning was initiated. 

c. Irregular combustion . No discussion of fuels can be complete without an 
explanation of the several forms of irregular combustion* The importance of understanding 
the nature, causes, and effects of irregular combustion can hardly be overestimated. Com- 
bustion chamber design is dictated to a large extent by the necessity for avoiding abnormal 
combustion. 

(1) The speed of the flame that spreads out from, the spark plug in the spark 
Ignition engine is much greater than the mean speed of th-e piston. For flame speeds 
mentioned earlier (20 to 100 feet per second) mean piston speeds are about 15 feet per 
second. Of course, when combustion takes place, the piston is near top dead center and 
Its instantaneous speed is even less. As a result, the flame front rapidly overtakes the 
piston and, in doing so, heats the unburned fuel-air mixture ahead of it. Temperature and 
pressure in the unburned fuel-air mixture ahead of the flame front are raised as previously 
discussed. The res ilt of this may be auto -ignition of the unburned fuel. When the unburned 
fuel self-ignites, it is consumed with extreme rapidity. Associated with this rapid com.- 
bustion IS a very high rate of pressure rise and an audible ping or knock. This irregular 
combustion is called detonation, which is a result of the fuel used, the mechanical design 

of the engine, and the conditions under which the engine is operated. 

(2) Contrary to popular belief, detonation in itself does not produce a 
significant loss in thermal efficiency. Undesirable effects chargeable directly to detonation 
are: 

(a) Overheating of combustion chamber parts adjacent to the last part of 
the mixtux'e ' barn. 



rise. 



(b) A severe stressing of engine parts due to the rapid rate of pressure 

(c) Failui'e of engine components under severe detonation conditions. 

(d) Objectionable knocking sound. 
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(3) For the reasons given above, detonation must be avoided at all costs. In 
most spark-igmtion engines, detonation of present day fuels is the major factor in determin- 
ing the maximum practicable compression ratio. 

(4) The ignition of the combustion chamber charge before the spark occurs is 
known as preignition. Its cause may be attributed to any of the following: 

(a) Overheating of the spark plugs. 

(b) Hot exhaust valves. 

(c) Burning carbon deposits. 

(d) Incandescent gases from previous cycles. 

(5) Preignition leads to progressive overheating of valves and spark plugs, 
which may result in failure of the engine. While the presence of preignition may lead to 
detonation, or vice versa, the two may exist independently and definitely are not the same 
event. Preignition has the same effect as excessive spark advance; that is, it reduces the 
efficiency of the engine, increases engine temperatures, and increases cylinder pressure. 

6. FUEL-AIR RATIO REQUIREMENTS. 

a. General. It is a generally established fact that the best mixture for normal 
gasoline engine operation is approximately 15 parts of air to 1 part of fuel. However, anyone 
who has driven a car or operated a machine that is powered by a gasoline engine knows that 
normal operation will not always satisfy the requirements placed on the engine. At idling 
speeds, during acceleration speeds, and during times that additional power is required, the 
fuel-air mixture must be varied to best satisfy the particular situation. Also, the 15:1 

ratio is based on a typically blended fuel and all fuels are not alike. 

b. Ratio for maximum power . When additional power is required from an engine 
for such purposes as climbing hills, starting from a standstill, accelerating for passing, or 
for holding high speeds, a richer fuel-air mixture is needed. In this case a greater volume 
of fuel and air enters the cylinders with the volume of fuel increasing more rapidly than that 
of the air. Each engine has a point where it will burn all the fuel-air mixture that enters 
the cylinder. Any volume above this amount will be wasted by going out of the exhaust or, 
worse yet, draining down into the crankcase. The power ratio, approximately 12:1 or 13:1, 
will provide from 5 to 7 percent more power at an expense of about 20 percent more fuel. 

c. Ratio for economy . Maximum' economy of the fuel-air mixtures is accomplished 
wnen all the fuel in a cylinder burns. Because it is impossible to have the perfect fuel-air 
mixture present in all areas of the cylinder at the exact instant of ignition, economy is 
gained oy reducing the racio of fuel and air a slight amount from the optimum of 15:1. 
Depencent on the throttle position, this ratio does reduce the amount of fuel wasted. 

d. Ratio for idling. When an engine is idling, the vacuum of the intake manifold 
IS very high because of the closed throttle position in the carburetor. This allows very 
little air to be mixed with the fuel. The mixture ratio for idling is therefore much richer 
than the power ratio and is approximately 10:1. 

e. Excessively rich ratios . There is a point at which engines will cease to 
operate correctly when the fuel-air mixture is too rich; if the richness is continued, com- 
Dustion will not take place. During operation this condition becomes noticeable by a pattern 
of misfiring or power surging. When enough of the cylinders are affected, engine operation 
will cease completely, due to what is commonly called flooding. 
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^* Excessively lean mixtures* When £uel-air ratios are too lean, they will not 
burn in a spark ignition engine. When mixtures approaching the too lean condition are 
introduced m an engine cylinder, it will cause backfiring through the carburetor. This is 
due to the extremely slow burning time of the mixture, whereby it will still be burning when 
the intake valve opens for the next cycle and ignite the mixture in the manifold. Lean 
mixture may also cause spasmodic misfirings whereby the mixture will be exhausted into 
the exhaust system. The slow burning of the mixture that has been ignited could then cause 
a burning mixture to be exhausted also and cause backfiring, 

g. Cold engine srarting . When starting a cold engine, some of the fuel remains 
as a liquid or recondenses on the cylinder wall or piston. Because the mixture is not 
vaporized at this time, care must be taken to prevent flooding. The mixture requirements 
for cold starting vary in accordance with the temperature and the condition of the engine 
and Ignition systems. Fuel -air mixtures ten times the normal requirement are not uncom- 
mon for cold starting. 
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LESSON EXERCISE QUESTIONS 
Inatructiona for uae of the answer sheet: 



1. The procedure by which you will answer the exercise questions in this subcoorse ia 
probably new to you. The information ia presented in a programed instruction format 
where you immediately know whether or not you have ar4swered the questions correctly. 
If you have selected an incorrect answer, you will be directed to a portion of the study 
text that will provide you with additional information, 

2. Arrange thin subcourse booklet and your answer sheet so that they are convenient. 
Each exercise question has three choices lettered a, b, and c. Your answer sheet has 
three groups of numbers for questions 1 through 200. The numbers indicated for each 
question represent the a, b, or c choices. The exercise response list is inclosed 

with this subcourse. It contains a listing of 3«digit numbers in numerical sequence. Each 

number is followed by a response that either reinforces a correct answer or gives you 

additional information for an incorrect answer. 

3. To use this system proceed as follows: 

a. Read the first exercise question and select the choice you think answers the 
question correctly. Go to the question 1 area of your answer sheet and circle the 3-digit 
number that corresponds with the choice you selected. 

b. After you have identified the 3-digit number, locate it in the exercise response 
list. If you selected the right choice, the first word of the response will be '^CORRECT." 
This tells you that you have answered the question correctly. Read the rest of the response 
which tells why your choice was correct and then go to the next question. 

c. If the word "CORRECT" is NOT the first word of the response, you have selected 
the wrong answer. Read the rest of the response and then turn to the area in your study 
text that ia mentioned. There you will find the information necessary for you to make 
another choice. Be sure to read all of the response because it will help you select the 
correct answer and it also provides more information. Line out the incorrect i-digit 
response on your answer sheet. 

d. After you have reread the reference, select another answer and circle the 3-digit 
response for that choice. Again check the number of this second choice with the response 
lif.t to sei^ if your choice is now correct and to obtain more information about your choice. 
If your second choice ii^ still not correct, line out the 3-digit response on the answer sheet 
and continue until the correct answer is selected. When you have answered all of the 
questions in an exercise, count the number of lined out responses and see how well you did. 

4. You will notice that the lesson exercise question numbers continue consecutively from 
lesson to lesson. This allows you to use one answer sheet for the entire subcourse. 

5. After you have finished the exercise questions for all lessons, fold and seal the answer 
sheet so that the USAOC&S addresa is on the outside. Drop the answer sheet in the mail 

so the school will know you have completed the study portion of the subcourse and are now 
ready for the examination. 
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EXERCISE 



1. What elements are contained m petroleum in such quantities as to make it burn freely? 

a. Hydrogen and oxygen 

b. Carbon and hydrogen 

c. Kelium and nitrogen 

2. Which vapors are separated first when crude oil is distilled? 

a. Kerosene 

b. Gasoline 

c. Heavy distillate 

3. Decomposition by thermal cracking is done at temperatures of 



4. What refining process produces a higher quality fuel with less sulfur content? 

a. Thermal cracking 

b. Fractional cracking 

c. Catalytic cracking 

5. What determines the potential heat energy per unit weight of the hydrocarbon molecule? 

a. Percentage of hydrogen content 

b. Amount of oxygen content 

c. Percentage of carbon content 

6. What IS formed in crude oil during refining? 

a. Paraffin 

b. Naphchene 

c. Olefin 

7. wAy IS high volatility in fuel desirable during cold weather? 

a. Helps reduce crankcase dilution 

b. Reduces manifold evaporation 

c. Helps reduce the chance of vapor lock 

3. What can be added to fuel to promote stability? 

a. Inhibitors 

b. Diolefins 

c. Resins 



a. 400° F to 600° F. 

b. 700° F to 1200° F. 

c. 1300° F to 1500° F. 
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9. What chemical properties of gasoline tend to oxidize when exposed to sunlight and high 
ambient temperatures? 

a. Resins and asphalt 

b. Sulfur and tars 

c. Olefins and diolefins 

10. What reference fuel has a great resistance to detonation? 

a. Heptane 

b. Tetraethyl 

c. Iso-octane 

11. What test method used to determine the octane rating of fuels developed for automotive 
engines produces the truest results? 

a. Supercharge 

b. Motor 

c. Research 

12. What is the approximate self-ignition temperature, in degrees Fahrenheit, of a 
homogeneous fuel-air mixture under motionless conditions? 



13. What is the major factor in determining the maximum practicable compression ratio 
in most spark ignition engines? 

a. Detonation of present day fuels 

b. Brake horsepower availability 

c. Consumption of presen: day fuels 



a. 
b. 



c. 



700 
800 
900 
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7. PRINCIPLES OF CARBURETION. 



a. Composition of air. Air is composed of various gases, mostly nitrogen and 
oxykjen (78 per^.ent. by volume, of nitrogen; El percent, by volume, of oxygen). These 
gases are, in turn, made up of tiny particles called molecules. All substances whether 
solid, liquid, or gas are made up of molecules. In solids, such as iron, the particles are 
held closely together so that they seem to have no motion. In liquids, the molecules are 
not held together tightly, so they can move with respect to each other. Liquid can flow. 

In gases, there is less tendency for the molecules to hold together; therefore, the molecule 
can move quite freely. The molecules of a gas are attracted to the earth by gravity, or by 
their weight. It is the combined weight of the countless molecules in the air that we feel as 
atmospheric pressure. 

b. Evaporation. When a liquid changes to a vapor (gas), it has evaporated. Whe 
this happens, molecules of the liquid move from the liquid into the <ii.r. As this continues, 
the liquid disappears from its container and appears as vapor in the air. The rapidity of 
evaporation varies with a number of factcrs. One of these is the volatility of the liquid. 
Others include temperature, total pressure above the liquid, and amount of liquid that has 
already evaporated into the air above the liquid (degree of saturation). 

(1) Liquid consists of molecules that move about. As they do so, they collide 
with each other. If a molecule happens to be moving upward rapidly enough, it will be able 
to jump clear of the liquid. As the molecules of liquid continue to do tl.is, the liquid 
evaporates. 

(2) At higher temperatures, molecules move faster. This is true regardless 
of whether the molecules are in a solid, liquid, or gas. At low temperatures, the molecule 
move more slowly. When a liquid is heated, there are many fast-moving molecules 
escaping from the liquid. In other wofcjs, the rate of evaporation increases. This action 
can be easily seen in the process of boiling water, where the molecules are moving so 
rapidly they escape in large numbers and in a violent manner. 

(3) When there is little pressure above the liquid, the molecules can escape 
from the liquid easily. When the pressure is high, it is more difficult for the molecules 
to escape and the rate of evaporation is decreasjed. Some of the molecules from the liquid 
collide with molecules of the air above and are often knocked back into the liquid. 

c. Atomization. Atomization is the breaking up of a liquid into very tiny particles 
or globules. Atomization nelps to turn a liquid into a vapor. If a spoonful of gasoline were 
put into a pan, it would take several seconds for it to evaporate, the length of time depending 
on temperature, volatility, and pressure. However, if a spoonful of gasoline were put into 
an ordinary spray gun, of the type used to spray insecticides, the gasoline would be broken 
into a fine mist when operating the gun and would turn almost instantly into vapor. The 
reason for this is that a much greater area of the liquid is exposed to air when the gasoline 
is atomized. Evaporation takes place from all surfaces and increases with greater surface 
area. 
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ci. Venturi effect . A venturi is an hourglass-shaped restriction. In the 
carburetor, a venturi is placed in the air horn through which the air must pass on its way 
to the intake manifold and the engine cylinders. The purpose of the venturi is to create 
a partial vacuum (low-pressure area) at the outlet of the nozzle, which will permit 
atmospheric pressure on the surface of the gasoline in the float bowl to force the gasoline 
out through the nozzle. This gasoline is then sprayed and atomized in the passing air to 
torm the fuel-air mixture. It may seem like a contradiction to say that the restriction 
produces a vacuum, but let us examine the action of the air molecules as they pass through 
the venturi (fig Z). As they enter the horn on the left, they move toward the venturi at 
uniform speed. However, as they approach the venturi, they must increase their speed if 
ail molecules are to get through. That is, with the restriction, the molecules must. move 
faster to get through. The increased speed of the molecules produces a decrease in 
pressure (a partial vacuum). It is a known fact that the total energy of all things in nature 
remains constant, but energy can change from one form to another. Rubbing two sticks 
together to produce fire is an example of motion (one form of energy) being converted into 
heat (another form of energy). Also, if one form of energy increases, one or more other 
forms of energy must decrease, since the total energy remains constant. Thus, the 
increased speed of the molecules in a venturi produces a decrease in pressure; the 
increased speed results in a decrease in temperature. Evaporation of the fuel further 
decreases the temperature. Atmospheric pressure is admitted to the bowls and presses 
downward on the liquid. Since there is less than atmospheric pressure in the venturi, the 
liquid IS forced up into the tube. In a carburetor, the atmospheric pressure on the fuel in 
the bowl (fig 3) forces fuel through the fuel nozzle and into the high speed stream of air 
where it is atomized. 




Figure 2* Action of air flowing through a venturi tube. 
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Figure 3, A simple carburetor. 

d, FUEL SYSTEM COMPONENTS (SPARK IGNITION ENGINES), The fuel system 
(fig 4) supplies a combustible mixture of gasoline and air to the engine cylinders and con- 
sists of the following components: 
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a. A fuel tank to store gasoline in liquid form. Fuel tanks are fabricated m various 
sizes and shapes to conform with the item of equipment on which it is used. 

b. Fuel lines, hollow metal tubes, that allow the liquid fuel to flow from the storage 
tank to other components of th'fe system. 

c. A fuel gage, though not necessary for engine operation, used as a signaling 
device to indicate to the operator the amount of fuel in the storage tank. 

d. A fuel filter designed to remove dirt and foreign particles from the liquid 
gasoline. ^ 

e. A fuel pump, a mechanically or electrically operated device to pump gasoline 
m liquid lorm from the fuel tank through the fuel lines and into the carburetor. 

f. A carburetor to mix the liquid gasoline with air. In this mixing process, the 
liquid gasoline is partially vaporized (turned to vapor). The carburetor also serves as the 
throttle to control the speed of the engine. 

g. An air filter, normally mounted on the carburetor, to remove dust particles 
from the air as it passes through on the way to the engine. 

h. A degasser to shut off the fuel supply to the carburetor idle system when there 
is a high intake manifold vacuum during deceleration. This device is. generally used with 
tracked vehicle engines where magnetos are used and it is the most effective means of 
stopping the engine. 

i. Two types of manifolds— intake and exhaust. The intake manifold is a series 
of pipes or passages through which the air-'uel mixture from the carburetor is directed to 
the engine cylinders on the intake stroke. After the mixture is burned and the piston is 
moving up withm the cylinder on the exhaust stroke (exhaust valve now open), the burned 
gases are discharged into the exhaust manifold. From there they pass through pipes, 
through the muffler (which muffles the noise), and through the tailpipe into the atmosphere. 

J. A primer system, used with some vehicles to enrich the fuel-air mixture for 
starting. The system incorporates a hand pump, actuated by the operator, that sprays fuel 
directly into the intake manifold. 

k. An engine governor to prevent overspeeding of the engine and help to reduce 
engine wear. There are several types of governors, but they all produce essentially the 
same result, that is, they cut down, or limit, the amount of fuel-air mixture into the engine 
when engine speeds tend to go beyond specified limits. 

i. A fuel -air distributor impeller or diffuser system is used on radial engines or 
on engines with many cylinders. This system's functicn is to provide a more uniform 
distribution of fuel -air mixture to the cylinders. 
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9. FUEL SYSTEM COMPONENTS FOR COMPRESSION IGNITION INTERNAL COM- 
BUSTION ENGINES. The fuel system (fig 5) supplies fuel and air in correct amounts and^ 
proper sequence to permit proper functioning of the compression ignition engine. It consists 
of the following components: 




FUEL INLET FIOM VtKtCLC TANK 

Figure 5« Compression ignition fuel system components* 

a. A fuel supply pump that is part of the fuel injection pump assembly. This 
pump takes fuel from the vehicle fuel supply tank and delivers it under pressure to the 
primary and final fuel filters. Fuel is pumped through the fuel filters to the fuel injection 
pump. The injection pump then meters and distributes the fuel to the proper fuel 
injector nozzles and holder assemblies in firing order sequence. 
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b. Primary, secondary, and final fuel filters to insure that clean fuel is 
delivered to the fuel injection pump, which is important in maintaining troublefree engine 
operation. The secondary and final fuel filters are identical and have interchangeable and 
replaceable elements. The primary and secondary fuel filters remove most of the foreign 
material from the fuel. The final fuel filter removes any remaining foreign material which 
has escaped the filtration of the secondary fuel filter. 

c. A fuel injection pump assembly that is driven by the engine camshaft gear. 
This pump is used to supply pressurized fuel to each individual fuel injector nozzle and 
holder assembly in sequence with the engine firing order. 

d. In a 6-cylinder engine, there are six fuel injector nozzle and holder 
assemblies used to inject fuel into the combustion chambers. The injector nozzle and 
holder assemblies are sealed against leakage by copper gaskets. The nozzle and holder 
assemblies are interconnected by fuel return tubes to provide a path for the return of 
excess fuel back to the fuel tank. The nozzle and holders are designed to provide adjust- 
ment to allow proper opening pressure and spray pattern for economical engine operation 
and proper performance. 

e A fuel supply pump-to-fuel filter inlet hose, fuel injection pump inlet hose, 
and fuel injection pump fuel return hose which are flexible rubber composition hoses or 
plastic tubing. The six fuel injection tubes are soft annealed steel tubing which are 
subject to high fuel pressure operation. The tubes are the same length and are pre- 
formed to convey fuel from the fuel injection pump head to each individual fuel injector 
nozzle and holder assembly. The fuel injector nozzle holder fuel return and fuel excess 
tubes are made of a nylon or plastic composition. 

f, A turbosupercharger to increase the velocity and pressure of the intake air, 
thereby forcing a greater volume of air into the combustion chambers as compared with a 
nonsupercharged engine. This higher volume of air, resulting in a more constant fuel air 
ratio, increases engine power. A turbosupercharger , which is essentlrUly an exhaust 
gas-driven blower, utilizes the kinetic energy usually lost in the exhaust gases to compress 
air into the cylinders. The exhaust gases from the engine enter the turbosupercharger and 
are forced around the turbine housing radially inward, through a nozzle ring. The exhaust 
gases drive the tuibine wheel which, in turn, drives the compressor wheel, since both 
wheels are fixed onto a common shaft. Air enters at the center of the compressor wheel 
and flows radially outward through a tangential outlet on the outside of the compressor 
housing and enters the intake manifold. The exhaust gases that were the contributing force 
to drive the supercharger unit are expelled from the turbosupercharger into the vehicle s 
exhaust system. 

Note, - Answer the questions- below. 

14. What action is taking place when the molecules of a liquid move from the liquid into the 
air? 

a. Atomization 

b. Evaporation 

c. Condensation 

15. When liquid is broken into tiny particles or globules, it is 
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a. vaporized. 

b. atomized. 

c. evaporated. 
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16. What is a function of the venturi in the air horn? 



a. To reduce the molecular speed at the nozzle 

b. To increase the fuel temperature for atomization 

c. To create a partial vacuum at the outlet of the nozzle 

17. What forces the gasoline from the fuel bowl through the nozzle in a simple carburetor' 

a. Atmospheric pressure 

b. Partial vacuum 

c. Manifold pressure 

18. What spark ignition fuel system component is employed in a radial engine but is NOT 
required in a 6-cylinder in-line engine? 

a. Hand-actuated primer pump 

b. Degasser 

c. Fuel-air distribution impeller 

19. What type of material is used to fabricate the injection tubes in a multifuel engine? 

a. Rubber composition 

b. Nylon composition 

c. Soft steel 

20. Why IS a turbosupercharger used with a compression ignition engine? 

a. Reduce volume of fuel burned 

b. Burn excess exhaust gases 

c. Increase engine power 
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STUDY TEXT 



U INTRODUCTION. Fuel system components are responsible for supplying the 
correct amounts aid mixtures of fuel and air to the engine cylinders. To accomplish this 
function the systeri must include a fuel container, a means of delivering fuel from the 
container to a fuel and air mixer, a device for metering the fuel-air mixture, and tubes 
or conduits for conveying the fuel or fuel mixture to the proper place. In addition to the 
primary componerts mentioned above, most feel systems include filters to assure that 
water and sedimertare removed from the liquid fuel and that dust is removed from the air. 
To aid the operator, a visual device indicates the amount of fuel that is in the container. 
Each component h<-s a specific function to perform and any unsatisfactory performance of 
that function resulcs in inefficient engine performance. 

2. DESCEIPriON AND OPERATION OF FUEL SYSTEM COMPONENTS. 

a. Fuel tanks. The fuel tank is a storage tank and may be located almost anywhere 
on the equipment. On most passenger cars and on some trucks, the gasoline or fuel tank 

is located at the r<iar of the vehicle. The location of the tank is not too important, if it is 
out of the way, as a fuel pump will force the gasoline to the carburetor. If the tank is higher 
than the carburetor, gravity eliminates the need for a fuel pump. 

(1) A cutaway drawing of one type of fuel tank is shown in figure 1« Tanks 
for fuel are usually made of thin-gage metal covered with an alloy plating to prevent rust 
and corrosion. A fuel tank has a filler spout or pipe for filling the tank. The spout or pipe 
is covered with a iiller cap to keep out rain and dirt. Usually these caps are not airtight 

as air must enter the tank as fuel goes out. On vehicles designed to ford streams, the filler 
cap is both airtight and watertight. In this type vehicle the tank is vented to the atmosphere 
by a special vent fipe that opens somewhere above the gas .tank where water cannot enter 
but air can. The outlet pipe, fitted for the fuel line connection, may be located almost 
anywhere on the tsnk, but it extends into the tank to about one -half inch from the bottom* 
This prevents dirt or sediment in the bottom of the tank from entering the fuel line* Baffle 
plates in the tank .reinforce it and prevent splashing of the fuel. The baffles have holes to 
allow the fuel to saek its own level In the tank. The Uoat mounted in the tank actuates a 
lever to give a reading as to the amount of fuel in the tank* 

(2) liome vehicles have more than one fuel tank. When there is more than one, 
they are interconnected by fuel lines and each has a shutoff valve. Some tanks may have a 
special kind of rubber lining so that if they are punctured they will seal themselves to 
prevent the fuel from leaking out. 

b. Fuel line:^ and fittings. 

(1) Fuel lines are located between the fuel tank and fuel filter, between the 
filter and fuel punip, between the pump and carburetor, and frame to engine flexible line* 
Each fuel line is a rather small metal tube. It is usually made of copper or rust-proofed 
steel tubing and it is connected to each part it joins by fittings* These fittings make it 
possible to easily remove and replace the parts of the fuel system which are connected by 
the fuel lines* 

(2) Figure 2 shows two typical kinds of fittings: one is the fiare-type and 
the other is the compression ring-type. The part of the fitting that fits into the unit has 
tapered pipe type ihreads. The other end of the fitting may have special threads. In the 
compression ring type the compression ring is loose on the pipe until after it has been 
tightened down omre in use. There are many kinds of fuel and oil line fittings but most of 
them are similar, at least in principle, to the types pictured. 
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Tank end 



Figure 1. Fuel tank. 





Figure 2. Fuel line fittings. 

c. Fuel filters. The fuel fUter'majr be located anywhere between the fuel tank 
and carburetor. Usually, it is located between the fuel Unk and fuel pump. 

(1) The purpose-of the filter is to prevent water, dirt, and other foreign 
materials from passing through the carburetor and into the combustion chamber. 
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(2) Another type of filter is a separate unit made of a series of disks in 
layers. The dis.<s are in a bowl which acts as a settling chamber. Figure 3A illustrates 
this type filter. Fuel enters the filter at the top inlet connection and fills the bowl. To go 
out the outlet, tlie fuel must pass between the disks in the strainer assembly. Since the 
disks are close together, the dirt and vvater cannot pass between them and are deposited on 
the outer rim of the disks. Water cannot pass through when it is present in gasoline 
because it form£ globules that are too large to pass between the disks. This fuel filter is 
easily disassem bled for removing water and foreign matter. 




Figure 3A. Disk-type fuel filter. 

(3) The tank-type fuel filter and pump assembly (fig 3B) is located inside the 
fuel tank as a single unit and is accessible from the top of the tank. The pump is a 24-volt, 
electrically operated, plunger type with a hollow steel plunger in a brass cylinder. The 
filter element i£ replaceable, self-contained, and made from helically wound ribbons of 
phenolic resin impregnated cellulose. Impurities in the fuel are deposited on the edge of 
the ribbons and ^an be easily cleaned off without damage to the filter element. 
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d. Fuel pumps* 

(1) Most fuel pumps are actuated by an eccentric on the camshaft through the 
rocker arm, but some pumps are operated by electricity. Pumps are classified as either 
positive or nonpositive. Most fuel pumps are nonpositive, which means they cease to 
pump when the carburetor bowl is full. This is made possible by the type linkage that 
actuates the diaphragm, 

(2) As figure 4 Illustrates there is a rocker arm which is held against the 
eccentric on the camshaft by a spring. When the carburetor bowl is not full and the pump 
is in operation, the diaphragm in the pump is pulled down as the eccentric moves the 
rocker arm. This action creates a partial vacuum or low pressure in the fuel line and 
atmospheric (air) pressure forces gasoline from the fuel tank through the filter and inlet 
valve and into the pump chamber. The pump chamber is above the diaphragm. As soon 
as the eccentric permits, the spring under the diaphragm pushes the diaphragm up. This 
upward movement exerts pressure on the fuel in the chamber and forces it into the 
carburetor. The fuel cannot return to the tank because the inlet valve is a one-way check 
valve. Fuel can come in that way but cannot go out. The outlet valve is also a one-way 
check valve. However, it permits fuel to go out but not to be drawn in. Very often the 
intake and outlet valves are exactly the sanfie, but the way they are installed causes one to 
act only as an inlet and the other as an outlet. When the carburetor is full and the pressure 
above the diaphragm is about 8 pounds, the spring cannot push the diaphragm up. The 
rocker arm still moves as the eccentric actuates it, but only the lower linkage moves and 
the diaphragm stays still until the pressure on the fuel is under 8 pounds. The diaphragm 
is fueltight and airtight and is made of a cloth or fabric that is covered with a petroleum- 
resistant material. 




Figure 4. Fuel pump. 
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(-) Some mechanically operated fuel pumps have vacuum boosters built 
into them to provide better vacuum for windshield wiper operation. In figure 5 the top half 
is the vacuum rooster and the bottom half a conventional fuel pump. Without this oooster, 
vacuum-type windshield wioers stop or move slowly on acceleration. The booster s only 
operational coimection with the fuel pump is that it is actuated by the same rocker arm. In 
operation the diaphragm of the booster is pushed down by the rocker arm. This movement 
expels air fron^ the chamber through the outlet valve to the engine intake manifold. On the 
r-turn stroke of the rocker arm, the spring moves the diaphragm up to create a partial 
vacuum or low air pressure in the chamber. This vacuum causes air from the windshield 
wiper to be admitted through the inlet valve. If the windshield wiper is not used or if there 
is sufficient vacuum without the booster, atmospheric (air) pressure holds the diaphragm 
down and the pamp is inoperative. 
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Figure 5,. Fuel pump with vacuum booster. 
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(4) Electric fuel pumps are used on some equipment. These are either 
solenoid or electric motor operated. 



(a) In the solenoid-type, the solenoid operates metal bellows that act 
somewhat as the diaphragm m the mechanically operated fuel pumps. As the bellows 
expand, gasoline is drawn in; when they reach their maximum expansion, electrical 
contacts in the solenoid are tripped open and the bellows release. This allows spring 
pressure to close the bellows, close the intake valve, and open the outlet valve. The 
contracting bellows thus force gasoline to the carburetor. 

(b) The electric motor type fuel pump is located in the fuel tank and 
pushes fuel to the carburetor by means of a gear or impeller type pump that is powered by 
an electric motor. 

e. Air cleaners. 

(1) Air cleaners remove dust and dirt from the air that passes through the air 
intake of the carburetor. Dust and dirt are abrasive and cause damage to the pistons and 
cylinder walls. Some would also get into the crankcase and damage the bearings. An air 
cleaner usually has a flame arrester to prevent fire in the event of an engine backfire. 

The air cleaner also silences the **hissing'* sound made by air entering the carburetor. 

(2) Air cleaners are of two types; wet and dry. The wet-type is an oil-bath 
cleaner (fig 6). In this cleaner air enters into the body and the compartment containing 
the metal wool m the filter element. To get to the outlet the air must make a 180 turn 
above the oil m the oil reservoir. Here, the heavy particles of dust and dirt are dropped 
into the oil. The air is further cleaned by passing through the curled hair filter in the 
upper filter element on its way to the outlet. The arrows in the figure show the air 
movement. This type is more effective in its cleaning action than is the dry-type. 



Uff ER HALF 
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Figure 6. Wet-type air cleaner. 
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(3) ^ dry-type air cleaner IS pictured in figure 7. This filter has no oil 
bath. As the arrows indicate, the air is cleaned only by passing through the copper gauze 
in the cleaner or filter elerr.ent. In both type cleaners, it is important to Keep the gauze 
clean by washin, the dirt out with a solvent. In the oil bath cleaner, the oil in the reservoir 
must be changed regularly and the sludge in the bottom of the reservoir removed. Il the 
gauze gets chok.-d with dust, the engine may be starved for air and the gasoline con- 
fumption will in:rease. Too much oil in the oil bath cleaner will produce the same result. 
Dirty filters aff<-ct the power of the engine. 



covsi run 




Figure 7. Dry-type air cleaner. 

£ Carb uretor systems . To this point, we have traced fuel from the tank, 
through the col lections and lines: through the filters, and through the pump We have also 
exolafned how a.r is cleaned and how it gets into the air horn of the carburetor where i 

n hr«'rhar^ec " with fuel The carburetor is between the air cleaner and intake- manifold. 
TfLl line co1i^ctri^o the fuel pump. The carburetor will be discussed in the next lesson. 

g. Int ake manifolds. 

(1< In the description of the fuel system thus far, the fuel has been brought 
through the carimretor. From the carburetor it enters the intake manifold. Figure 8 
shows "he intak.. and e.xhaust manifolds for a 6-cylinder engine. The carburetor is 
lunted on too ^f the center section of the intake manifold. A thick gasket .s between 
tT.e carbureto; and manifold to keep heat from being conducted to the carburetor where 
it couid cause vapor lock. 
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Figure 8. Intake and exhaust manifolds. 

(2) The manifold distributes fuel as evenly as possible to each cylinder and 
furthers the vaporization of fuel which began in the carburetor. J^^^^^^' f^^X'^J^j,^"" 
completely mixed as a vapor when entering the combustion chamber. The walls of the 
ma^old must be smooth \o offer little resistance to the flow of the fuel-axr mixture. 
?he inike manifold should be as short and as straight as possible to lessen the chances of 
the fue^bting condensed to a liquid. To'assist in the vaporization of fuel, some intake 
m^xifo dsTr'e constructed so that part of their surfaces can be heated by the exhaus 
maSfold This is especiaUy helpful until the engine gets warm. A /alve placed in the 
riaus manUold is"ctuated by a bimetallic spring that reacts to changes in temperature. 
V^eXe engi^e^^^^^^^^ arl cold, the spring holds the valve open (fig 9) which causes 

ti^ horexLust gases to pass over part of the intake manifold before being allowed to 
escape. ^J;^en th^ s;;ing'^^^ hot. ^t closes the valve, or door, and the exhaust passes ouc 
the exhaust pipe without circulating around the manifold. 
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Figure 9. Operation of intake manifold hot spot. 
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h. Exhaust manifolds . Figures 8 and 9 show both the intake and exhaust 
manifolds. The exhaust manifold carries the waste gases from the engine. Like the 
intake manifold, the exhaust manifold should be smooth inside with no abrupt turns to 
hinder the escapi jf the gases. If the gases cannot escape freely, backpressure is created 
in the engine whicn reduces power and causes overheating. Figure 8 shows there are two 
end exhaust openings— one for each exhr.ust valve. The two inner ones are a little wider, and 
and each picks the gases from two exhaust valves. Between the cylinder head and both 
manifolds, there are gaskets to provide an airtight seal. The manifolds are bolted to the 
cylinder head. 

1. Mufflers and tailpipes. Figure 10 shows the complete exhaust system. The 
exhaust pipe connects the manifold to the muffler. The muffler (fig H) is designed to 
muffle engine no se, cool the exhaust gas, and lower exhaust gas pressure. The tailpipe 
IS attached behind the muffler to carry the gases a«vay from the ve.hicle. Exhaust gases are 
dangerous if breathed in quantity, so it is important tnat there are no leaks in the exhaust 
system . 




Figure 10. Exhaust system. 
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J G overnors . Governors are used to set maximum engine speeds. Wear is 
greater at high speeds. Vehicle speed is. of course, an important factor in safety. 
Governors work either by centrifugal force, by air velocity, o'r vacuum. There are 
several deferent appUcations 6i these principles; however, only one typical example of 
each kind will be described here. 

(1) Figure 12 illustrates the principle of a centrifugal fo;rce operated 
governor, and figure 13 shows a typical velocity operated (vacuum) governor In the 
centrifugal governor, the weights fly out as the speed of the shaft, on which they are 
mounted increases. As they move out to a predetermined distance, the linkage begins to 
Sose the throttle valve and additional speed is prevented. A predetermined speed is made 
possible by adjusting the spring tension. The drive shaft is driven by the engine camshaft 
or by an accessory drive from the engine. 

(2) When the velocity, or vacuum, governor is used on gasoUne engines, it is 
mounted between the carburetor and intake manifold. This type governor has . ^hrottU 
valve mounted off center. The mainspring attached to the flywheel on the ^"P; 
the throttle open at normal or predetermined speeds. As speed increases and the velocity 
of fuel and air from the carburetor becomes great enough, it tends to overcome the 
mainspring tension and partially closes the valve. As speed continues to increase there 
" a tendency for the valve to be closed further. To prevent closing the ^^^^^^ ^ 

L compensating spring goes into use. As the throttle tends to close, the flywheel s holder 
bears against the compensating spring and the proper throttle opening is maintained. This 
governor, like the centrifugal type, can be adjusted for various maximum speeds. 

(3) Some governors are of a combination centrifugal and vacuum, or velocity. 

type. 
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THROTTLE BODY 

•b^bearing shield washer 
c— spring washer 
dIIadjusting screw pas. 

SAGE PLUG „ „ 

E-ADJUSTING SCREW PAS- 
SAGE PLUG GASKET 
F— ADJUSTING NUT 
G— GOVERNOR HOUSING 
H— ADJUSTING SCREW 
J— GOVERNOR SPRING 
"K— HOUSING SCREW 
L— GOVERNOR CAM 



M— GOVERNOR CHAIN 
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Figure 13. Velocity or vacuum governor. 
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Note. - Refer to lesson exercise directions, in lesson 1. 

21. If the fuel tank of a vehicle is positioned high enough, what component of the fuel 
system is NOT required? 

a. Intake manifold 

b. Carburetor 

c. Fuel pump 

22. Where is a fuel filter normally located? 

a. Betw.jen the fuel tank and fuel pump 

b. Betw-icn the fuel pump and carburetor 

c. On the carburetor 

23. What type of fuel pump ceases to pump when the carburetor bowl is lull? 

a. Positive 

b. Gear 

c. Nonp'jsitive 

24. What is the purpose of the vacuum booster on some fuel pumps? 

a. To increase the volume of fuel being pumped 

b. To provide for better windshield wiper operation 
c* To provide for smoother acceleration 

25. Which is :haracteristic of the electric motor type fuel pump? 

a. Norrrially submerged in the fuel tank 

b. Operates on the vacuum principle 

c. Normally mounted close to the carburetor 

26. What will cause fuel cons'imption of an engine to increase? 

a. Fuel lines too large 

b. A clogged vent in the fuel tank cap 

c. Too much oil in the oil bath cleaner 

27. What controls the valve to the intake manifold hot spot? 

a. Bimetallic spring that reacts to temperature changes 

b. Electric solenoid controlled by the acceleration linkage 

c. Vacuam control in the intake manifold 
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3. MAINTENANCE AND REPAIR OF FUEL SYSTEM COMPONENTS. 

a. Air cleaner. Air cleaners seldom require repair, but frequent cleaning and 
servicing are necesaary. A wet-type (or oil bath) air cleaner is composed of three sections: 
body. fUtering element, and top cover. A clamp on the bottom of the body holds the air 
cleaner to the carburetor air horn. By loosening the screw on the clamp, you can remove 
the air cleaner from the carburetor. Loosening and removing the wingnut on top of the 
cleaner permits removing the top cover and filtering element. The element should be 
soaked m cleaning solvent and the dirty oil poured from the bottom of the body. Clean the 
inside and outside of the body and the top cover with solvent and wipe dry. After the 
element has soaked in cleaning, solvent for 5 minutes, remove it and dry with compressed 
air. RefiU the bottom of the body with a seasonal grade engine oil up to the "OU Level* line 
or mark. Do not overfiU. Place the element in the body, install the top cover, tighten the 
wingnut, and the air cleaner is ready for installation. 

b. Mechanical fuel pump . A fuel pump can develop many troubles such as a leaky 
valve, cracked diaphragm, worn rocker arm, broken spring, etc. Although fuel pumps 
made by various manufacturers differ in design, they all operate on the same basic 
principles. 

(1) When it becomes necessary to rebuild a fuel pump, a standard repair kit 
should be used. Each kit contains the internal working parts most subject to failure By 
the use of a repair kit, an old pump can be made to perform Uke a new one. The parts 
contained in a typical kit are shown.in figure 14. The "Parts Catalog" section of the 
applicable technical manual for the type of vehicle on which a pump is installed gives you the 
correct stock number and nomenclature of the repair kit. The "Overhaul Instructions" part 
of the same technical manual provides a detaUed description, with Ulustrations , of how 
fuel pump repairs should be accomplished. 
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Retainer Screw 



Diaphragm and 
Pull -Rod 
Assembly 



Oiapnragn 
Spring 
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Valve and 
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Lock Washers 
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Rocker Arm 
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Figure 14. Typical repair kit for fuel pump„ 
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(2) Before removing a fuel pump or disconnecting the fuel lines, clean the 
outside of the pcmp housing and the area around the mounting flange and engine block. 
Select the proper size wrenches (open end or box end, whichever is best suited), disconnect 
the lines, and remove the pump from the engine block. Cover the opening in the engine 
block to keep di^'t out of the crankcase. Clean the outside of the pump with a good cleaning 
solvent and dry with compressed air. Do not try to clean the inside of the pump. 

(3) After selecting the proper repair kit (by consulting the applicable technical 
manual) and prior to disassembly, take a fine file and make a crossmark on the flanges 
where the top ccver and pump body come together. By referring to this mark, you can 
reassemble the top cover and pump body in their original positions. Remove the capscrews 
which hold the cover to the body; then separate the cover from the body by tapping it lightly 
around the circumference with a rawhide or wooden mallet. Do not use a hammer . When 
the top cover is removed, all of the internal working parts are accessible and can be 
removed easily. Always install all of the parts in the repair kit. This is extra insurance 
against an early failure, as old parts can be on the verge of failure even when they appear 

to be In good condition. Clamp the mounting flange of the pump body in a soft jawed vise 
with the riveted end of the rocker arm up and with the gasket surface of the flange against 
one jaw of the vise. File off the upset end of the rocker arm pin flush with the face of the 
washer, so that it can be driven from the pump body, allowing removal of rocker arm and 
linkage for disa^jsembly. The sediment bowl assembly should be taken off next so that the 
strainer screen can be removed from the top cover of the pump. The outlet valve and 
spring should be removed also. 

(4) All of the metal parts should be washed in an approved cleaning solvent 
and all passages blown out with compressed air. If you find the parts difficult to clean, use 
a special solvent designed for removing carbon deposits. Parts not having replacements 
included in the repair kit should be inspected thoroughly. The top cover should be replaced 
if it is warped or cracked. If warped only slightly, it may be flattened by lapping or by 
using a disk grinder. Replace the bowl gasket seat if it is warped. Replace all valve seat 
covers of the inaert type whenever any part of the raised valve seat is worn off flush with 
the shoulder of the valve. Sometimes stripped or crossed threads can be corrected with a 
tap, or they may be drilled out and retapped to a larger size. The pump body should be 
replaced if the diaphragm flange is warped (unless a slight warping can be refinished by 
lapping or using a disk grinder) or if the rocker arm stop is broken. If a visual inspection 
of the rocker ar.-n shows that it is worn or broken, it must be replaced also. Replacement 
of the cover is necessary whenever the threaded holes in the diaphragm flange are stripped 
or damaged beyond repair. 

(5) Reassemble the pump only when you are sure that all parts have been 
thoroughly inspected and, if need be, replaced or repaired. First assemble the pull rod 
and links. Ther. place the pull rod in the pump body with the sheared edges of the links up 
toward the body and threaded end of the pull rod. Insert the rocker arm through the mount- 
ing flange so that its hooked end lies between the outer links and over the center link pin. 
Again, clamp ths mounting flange of the pump body in the vise with its gasket surface 
against one jaw of the vise. Aline the holes in the rocker arm, link, and pump body; then 
drive in the new rocker arm pin. After installing the rocker arm pin washer on the pin, . 
peen over the end of the pin or install wire pin clips as required. 
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(6) If there is a priming lever to be installed, lift the pull rod oat of the hole 
and install the lever Ln the body grooves provided. Open the lever end aroand the pull rod 
hole and reinsert the pall rod. Position the diaphragm spring over the inner boss and the 
rocker arm spring over the oater boss in the bottom cover. Place a spring cap over each 
spring and put the gasket on the cover. By holding the pump body by the threaded end of the 
pull rod. you can keep the hand primer in place. Then place the bottom cover and gasket 
assembly on the body with the spring caps seated against the pull rod and rocker arm. 
While holding the cover in place, install the cover screws and tighten them securely. 

(7) The new diaphragm should be soaked in clean kerosene or diesel fuel 
before it is installed. Do not use shellac or sealing compound. Place the engine mounting 
flange of the pump body in the vise with the diaphragm flange upward. Now place the parts 
of the diaphragm assembly over the threaded end of the pull rod in proper order. Aline the 
diaphragm holes with the holes in the body flange. Maintain the alinement by temporarUy 
inserting two or three cover screws. Tighten the pull rod nut securely, using another 
wrench to hold the hex-washer stationary, thus preventing distortion of the diaphragm. Be 
sure to put the gaskets on the airdome and valve plug. Place a drop of light grade oil on 
the airdome valve before installing it in the valve chamber over the diaphragm. Just insert 
the valve spring in the valve plug, tip it into the chamber, and tighten the plug securely. 
Place the strainer screen and bowl gasket in the top of the cover, position the bowl in place 
on the cover, swing the bowl assembly into position, and adjust the thumbnut securely with 
the fingers. Later, check the assembly for leaks at the bowl gasket. II a leak is detected, 
remove the bowl and check the gasket and gasket seat. Overtightening the thumbscrew 
with pliers or wrench will probably result in a broken bowl. 

(8) The cover must now be inataUed on the body. Make sure that the file 
marks on the cover and body are in line. Since the diaphragm spring holds the cover away 
from the pump body, push on the rocker arm until the diaphragm is flat across the body 
flange. InstaU several top cover screws and lockwashers (loosely) until the screwheads 
just touch the lockwashers. Move the rocker arm into its normal full stroke position and 
tighten the cover screws securely. Hold the diaphragm in a fuU stroke (flexed) position, 
while tightening the cover screws, to properly position the diaphragm between the flanges. 

(9) To test the operation of the pump valves, attach an air pressure gage to 
the outlet side of the pump and operate the priming lever or rocker arm a few strokes while 
observing the pressure gage. The gage should not show too rapid a pressure drop after 
the pumping stops. Figure 15 shows the disassembled parts of a typical fuel pump. Some 
pump units perform a single function, that of delivering fuel under pressure from the fuel 
supply tank to the carburetor. However, other units incorporate both fuel and vacuum 
pump sections to accomplish a dual function. This unit supplies fuel from the fuel tank to 
the carburetor and also pumps air. drawn through the windshield wiper vacuum Ime, mto_ 
the inuke manifold section. In this manner, more uniform operation of the windshield wiper 
is provided at all engine speeds and loads. Figure 16 shows the disassembled parts of a fuel 
pump with a vacuum booster. 
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Figure 16. Exploded view of a fuel pump with vacuum booster. 
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( 10) When a combination fuel pump and vacuum pump unit is to be overhauled, 
use a file tc ma: k the edges of the fuel flanges and the heat shield stud position, if a heat 
shield IS used, o that the parts may be reassembled in their original positions. Begin the 
disassembly by removing the cover heat shield stud. After removing the remaining studs, 
separate the cover from the pump body by tapping it lightly with a rawhide mallet. Mark the 
edges of the vacuum cover and pump body flanges. Remove only two of the cover screws 
from opposite sides of the covers, then substitute two fillister-head screws ol the 
same size and a. least 1-1/2 inches long. Turn the two long screws all the way down, and 
then remove the balance of the regular cover screws. By alternately backing off the long 
screws a few tu2 ns at a time, you permit the force of the heavy vacuum diaphragm spring 
to be relieved s<.fely. If the flanges stick together after the long screws have been backed 
off one or more turns, tap the cover lightly with a rawhide mallet to loosen it. After the 
two long screws have been taken out, the cover assembly, diaphragm spring, and spring 
retainer can be removed. 

(a) File off the riveted end of the pump rocker arm pin until it is flush 
with the steel w<.sher, drive out the pin with a drift punch and hammer, and move the 
rocker arm unti. the links unhook from both diaphragms. Now the rocker arm spring, 
rocker arm, and link assembly can be removed. Disassemble the rocker arm assembly 
by removing the linkage and bushing from the rocker arm. Lift the vacuum diaphragm 

out of the body and remove the lower oil seal retainer by turning it until the slot is lined up 
with the flat sidv of the pull rod. This will allow the oil seal assembly to be removed. 
Remove the fuel diaphragm assembly by pulling it straight out of the body. Be careful not to 
tilt It excessively or you will damage the oil seal. Disassemble the fuel cover, which was 
detachea previously, by removing the valve and cage retainer screw and bow screws. 
Disassemble the vacuum cover by removing the valve and cage retainer screw and cover 
plate scr^w. 

(b) Clean, lay out, and inspect ail parts, following the same procedure 
pattern used wit i the single unit. When the cleaning, inspection, and exchange of kit parts 
nave been completed, reassemble the pump. Start assembling by placing the link spacer 
over the fuel lin^. Place the vacuum links on each side of the fuel link. The hooked enas of 
the vacuum Imki should come together so that they surround the fuel link and so that all 
link hooks point in the same direction. The assembly of links and spacer should now be 
placed between the lobes of the rocker arm along with the outside spacer washer, so that 
the rocKer arm rushing holds them m place. Now stand the pump body on the bench with the 
luel tlan^e down, set the rocker arm spring into position (with one end over the cone cast 
into the body), and slide the rocker arm and link assembly into the body. The outer end of 
the r^-kt^er arm spring slips over the projection on the link spacer, and the open end o: 

all iir.f. hooks mist point toward the vacuum flange. You can temporarily retain the assembly 
in position with i 4- or 5-inch length of 1/8-inch rod. 

(c) Soak the new fuel diaphragm, in clean kerosene or fuel oil for a short 
while. Do not use shellac or any other sealing compound between the flanges and the edges 
o: the Giaphragnu In the meantime, turn the pump body over with the fuel diaphragm flange 
upward. Set the diaphragm spring and retainer on the oil seal and push the diaphragm pull 
rod through these parts. The flat side o: the pull rod must oe at right angles to the fuel 
link with Its hoo^ at right angles to the link. The diaphragm pull rod can now be hooked to 
the luei (short, center) imk. Be careful not to tilt the diaphragm pull rod too much or you 
may damage the oil seals. Remove the temporary pm that was used to hold and aline the 
rocker arm ass<»mDly, drive in the new rocker arm pin, place the washer over the end of 
the pin, and rivi-t the pm end by peenmg it with a ball-peen hammer. 
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(d) Assemble the parts of the fuel cover, placing the valve and cage 
gaskets in place before the valves and cages are installed. The inlet valve must have its 
two-legged spider facing out of the cover. Secure both assemblies with the retainer and 
screw. InsUll the strainer screen and other parts in their proper order. If an airdome 

IS used, install it in the threaded hole located in the threaded hole located in the projection 
of the outlet casting. When installing the cover on the body, make sure that the file marks 
on the cover and body line up. Move the rocker arm until the diaphragm is flat across the 
body flange; then install the cover screws and lockwashers (loosely) until the heads begin to 
touch the lockwashers. Move the rocker arm into its normal full stroke position and tighten 
all of the cover screws securely. To properly position the diaphragm between the flanges, 
hold it in a full stroke (flexed) position while tightening the cover screws. 

(e) Assemble the vacuum pump cover by placing the two gaskets and 
two valve and cage assemblies, in the cover, so that the three-legged spider of the inlet 
valve faces out of the cover while the outlet valve faces into the cover, and secure the 
valves and cages with the retainer and screw. After turning the cover over, set the screen 
and retainer in the recess located around the valve hole; place the cover gasket, cover, 
and other parts into proper position; and secure them with the cover screw. Place the 
vacuum pump cover on the pump body after placing the diaphragm, which has been soaked 
for a time in clean kerosene or diesel fuel, in proper position between the flanges. 
Assemble the oil seal on the vacuum diaphragm pull rod in correct sequence and turn the 
lower retainer 90° in order to lock it in position. Lift the pump body above eye level, so 
that as you face the vacuum diaphragm flange, the two vacuum links will swing down into 
view. Then you can hook the vacuum diaphragm pull rod to both links. While holding the 
vacuum diaphragm in this position, clamp the body in a soft-jawed vise vacuum flange side 
up. The vacuum diaphragm must be held level with the body flange during the positioning 
of the vacuum pump cover. You can do this by inserting a piece of steel 3/16 inch 

by 3/32 by 8 inches, with one end bent to form a right-angle hook which should measure 
three-eighths of an inch from' the bend to the end. 

(f) Place the spring and retainer assembly on the riveted end of the 
diaphragm pull rod. Position the vacuum pump cover over the spring and aline it with the 
file marks. Insert two screws of correct diameter, but 1-1/2 inches long, into the two 
opposite holes in the cover flange. Turn these bottom long screws down, alternating a few 
turns on each. Install the regular screws and washers (loosely) and tighten until the 
screwheads just engage the lockwashers^ Eeplace the two long screws with the regular 
screws and washers. The spacer may now be removed from its position between the pump 
body and rocker arm, thus allowing the heavy vacuum spring to push the diaphragm into a 
flexed position so that all of the cover screws can be tightened securely. 

(g) The vacuum pump side of -combination fuel and vacuum pumps is not 
always bench tested; consequently, when the pump is reinstalled on the engine an opera- 
tional test of the vacuum pump section should be nade by checking the operation of the 
windshield wiper while the engine is on a power pull. The speed of the wiper blades should 
remain practically constant during engine acceleration. Should the action be too slow, 
check the vacuum lines to be sure that they are not either plugged or leaking before 
jumping to the conclusion that the pump is at fault. 
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(11) Troubles frequently attributed to the fuel pump may be difficulties 
involving the fuel supply tank. Failure of a fuel pump to deliver fuel to the carburetor is 
not always due to a faulty fuel pump, but may be due to faulty fuel lines or an obstruction 
of some kind in the fuel tank that has settled over the outlet. Temporary relief is provided 
by disconnecting the fuel line at the fuel pump and blowing compressed air back through the 
fuel supply line into the fuel tank. However, the only way to permanently remedy such a 
condition is to remove the fuel tank and clean it thoroughly. 

c. E .ectric fuel pumps. 

(1) General. After removal from a vehicle, the fuel pump should be cleaned 
thoroughly. T(» clean, use drycleaning solvent or volatile mineral spirits and a soft brush 
to remove sediment. Blow through all passages with compressed air to make sure they 
are open. The commutator slots of the armature should be cleaned with a piece of 
cardboard- 

(2) Testing electrical parts. 

(a) Field coil test. If resistance of the field coil, when tested as shown 
in figure 17, is not within limits, use a new or serviceable field housing, bearing, and 
coil assembly to replace it. Coils for 12-volt pumps should show 25 to 32 ohms of 
resistance, anc[ for 24-volt pumps 113 to 125 ohms. 




Figure 17. Test of field coil. 

• (b) Armature. 

1. Test for ground. Test the armature as illustrated in 
figure 18. Us€ a 12- or 24~volt test lamp, depending on the pump voltage, and fasten one 
lead of the test lamp to the armature. Touch each commutator bar, in turn, with the other 
lead shaft. If '^he lamp lights when any bar Ls connected to the test lamp, the armature is 
grounded and unserviceable. Do not attempt to repair a grounded or shorted armature since 
the armature i.s in dynamic balance and cannot be disassembled for repairs. 
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Figure 18. Test of armature for ground. 

Z, Resistance test A. Measure the resistance of the windings 
between adjacent commutator bars of armature as illustrated in figure 19. If resistance 
is not within limits stated below, use a new or serviceable armature assembly. Windings 
between adjacent commutator bars for 12-volt pumps should test 0.70 to 1.00 ohm for 
24-volt pumps the resistance should be 3.0 to 3. 85 ohms. 
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Figure 19. Test of armature windings between adjacent commutator bars* 
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3 Resistance test B. Measure the resistance of the windings 
between alternate- corr^utator bars as shown in figure 20. If resistance is not within 
limits stated below, use a new or serviceable armature assembly. Windings between 
alternate commu:ator bars for a 12-volt pump should test 1.35 to 1.7 ohms; for 24-volt 
pumps the resistance should be 5.4 to 7.0 ohms. 
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Figure 20. Test of armature windings between alternate commutator bars. 

(c) Cable assembly . Use a 24-volt battery and test lamp and test cable 
ass. )ly wire lor continuity of circuit and for ground. If circuit is grounded or not 
continuous, use a new or serviceable cable assembly. 

(3) Reassembled pump test (fig 21) . Attach k pressure gage to the fuel ^ 
discharge part of pump. Connect a source of power to the pump and submerge the entire 
pump in a can of dry cleaning solvent of volatile mineral spirits. Operate pump by 
closing the switch. Regulate the rheostat until the voltaneter indicates the rated voltage 
of the pump. If no undue vibration is observed and if the pressure gage indicates a pressure 
of 3-3/4 PSI or more, the pump is satisfactory. 
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Figure 21, Test of electric fuel pump. 
Note, - Answer the following questions before continuing to lesson 3. 

28. What should be done before disassembling an unserviceable fuel pump? 

a. Make a scribe mark across the top cover and pump body where they come together 

b. Try to clean the inside of the pump by blowing through it with compressjd air 

c. Tap the connection joint with a hammer 

29. What is the resistance, in ohms, for the field coils of a 12-volt electric fuel pump? 

a. 12 to 20 

b. 25 to 32 

c. 58 to 66 

30. What should be used to check the continuity of the cable assembly on an electric fuel 
pump? 

a. Voltmeter 

b. Ammeter 

c. Battery and test lamp 
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Ordnance Subcourse No 403 Principles of Fuels and Fuel Systems 

Lesson 3 Carburetor Circuits 

Credit Hours Three 

Lesson Objective After studying this lesson you will be able to: 

1, Describe the purpose and functions of the 
basic carburetor circuits. 

2, Describe the procedures for troubleshoot- 
ing the carburetor circuits. 

3, Describe the procedures for maintenance 
of carburetors. 

Study Assignment Study the text that follows. It will provide you 

with information on the purpose and functions 
of the basic carburetor circuits, and common 
troubleshooting ajid maintenance operations 
on carburetors . 

Materials Required Exercise response list and answer sheet. 

Suggestions Study each illustration as you study the text. 

STUDY TEXT 

1. GENERAL. The purpose of the carburetor is to supply the correct mixture of fuel 
ana air for any and all conditions of speed and load imposed upon the engine. The engines 
of present-day vehicles must be completely flexible in the speed range from approximately 
500 RPM to more than 3,000 RPM. At any point in this range, the vehicle may be subjected 
to a comparatively light load or a very heavy load. It must adapt itself immediately to any 
change of load or speed imposed upon it, within the limits of its maximum power output. 

2. PURPOSE AND FUNCTION OF CARBURETOR CIRCUITS. 

a. Throttle circuit . The first and most important control that the carburetor 
requires is a means of varying the amount of fuel-air mixture that enters the intake mani- 
fold. When a maximum amount can enter, the engine cylinders will produce maximum 
power (for the speed at which it is running). When less than the maximum power is required 
(as when cruising slowly or idling) the engine must be throttled down. This is accomplished 
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by reducing the amount of fuel-air mixture with a throttle valve in the carburetor. The 
throttle vaive is simply a round disk mounted on a shaft so it can be tilted at \arious angles 
in the carburetor throttle valve body. When it is parallel to the airflow^ it offers almost 
no restriction aiid a full volume of fuel-air mixture can pass into the intake manifold. When 
It IS tilted away from this position^ it reduces the amount of fuel-air mixture that can pass 
into the intake manifold. Therefore! engine power is cut down. The throttle valve is con- 
nected by linkage to the throttle pedal (accelerator) in the driving compartment. When the 
pedal IS depress ed» the throttle valve is opened, which means it is tilted in the throttle 
valve body so as to offer less restriction and permit more fuel-air mixture to pass through. 

b. Float circuit. 



(1) The fuel level :n the carburetor bowl must be maintained at a constant 
level during engine operation. If the level is too high, fuel will feed too freely out of the 
nozzle and the mixture will be too rich; high fuel consumption will result and the engine 
may* suffer fron: formation of large amounts of carbon in the cylinders. On the other hand, 
if the fuel level is too low, insufficient fuel will feed from the nozzle and the mixture will 
be too lean for ^ood engine performance. To maintain the correct level, a float circuit is 
used. Essentia] ly, this circuit consists of a float pivoted at one side of the bowl and so 
arranged as to cperate a needle valve (fig 1). The fuel pump delivers fuel under pressure 
to the bowl. WF en fuel is delivered faster than it is used, the bowl tends to filj up. This 
causes the float to rise and move the needle valve into its seat. This action shuts off the 
flow of fuel to ti-e bowl. When the fuel level falls, the float falls also. This allows the 
needle valve to move out of its seat in order to permit the entrance of more fuel. In actual 
operation, tne f oat and needle valve maintain a position that permits the fuel coming in to 
just balance the fuel going out of the bowl. 
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Figure i. A typical float circuit. 

(2) The vent at the top of the bowl (fig 1) may be opened to the atmosphere or 
It may be vented into the carburetor air horn. In the latter case, a dirty air cleaner will 
have iittle effect on mixture richness. However, if the vent is to the atmosphere and if the 
a:r cleaner is dirty, the mixture may become exctjssively rich. The reason for this is that 
airt m the air cleaner acts as a restriction and thereby increases the vacuum in the air 
horn and at the luel nozzle. This cause:> a heavier discharge of fuel and greater mixture 
richness. If the vent is to the air horn, the effect of the dirty air cleaner will be the same 
on the vent as or. the fuei nozzle ana there will be no appreciable increase of richness due 
to the dirty clea-ier. 
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c. Lowspeed circuit. 



(I) When the throttle is almost closed, there will be very little air passing 
through the venturi. Therefore, there will be very little vacuum at the venturi and the fuel 
nozzle will not discharge any fuel* Without some additional circuit to assure fuel delivery 
with a closed throttle, the engine would stop. The circuit that takes care of fuel delivery 
during closed or nearly closed throttle is called the idle- and low-speed circuit (fig Z). 
Actually, in some respects, this is really two circuits, an idle circuit and a low-speed cir- 
cuit* 




Figure 2, A typical idle- and low-speed circuit, 

(2) When the throttle is closed, there is a relatively high vacuum in the intake 
manifold and below the throttle. The idle circuit has a discharge port, or hole, that is 
below the throttle valve when it is closed. With a closed throttle, there is a high vacuum 

in the intake manifold, and at the idle speed discharge hole. Atmospheric pressure in the 
float bowl will force fuel from the float bowl through the idle circuit and out the discharge 
hole. An adjustable needle valve is positioned to permit more or less fuel to discharge 
from the hole. This makes it possible to adjust the idling mixture richness by allowing 
more or less fuel to discharge during idle. 

(3) An air bleed is located between the air horn and the low speed fuel pas- 
sage to allow air to bleed into the idle circuit when it is operating. This air mixes with the 
fuel and partly atomizes it before it discharges from the hole into the air horn. Such assis- 
tance IS needed because air movement through the horn is much slower and there is less 
tendency for atomization to take place at the hole during idle. The air bleed also helps to 
produce fuel flow when pressure differences between upper and lower portions of the air 
horn are low. because the mixture flows easier than liquid fuel alone, 

(4) When the throttle is opened a little, the airflow is still too restricted for 
the venturi to discharge fuel. Yet more air is flowing and. consequently, more fuel must 
discharge. The idle-circuit discharge hole alone cannot supply this additional fuel. To 
supply the additional fuel needed for this low-speed operation, an additional hole (low-speed 
aischarge hole or port) is included in the idle circuit. This hole is placed so that it is 
slightly above the edge of the throttle valve when it is closed, but slightly below the edge of 
the throttle valve when it is opened a small amount. In this latter position, intake manifold 
vacuum can act on the low-speed hole and therefore supply additional fuel from the bowl 
through the circuit. The same circuit is used by both the idle and the low-speed holes. 
The low-speed hole simply permits more fuel to discharge into the throttle -valve body as 
the throttle is swung away from the fully closed position. 
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d. High-speed circuit . 

(1) The high-speed circuit consists essentially of the main nozzle, which is 
centered in the venturi. The carburetor normally contains a multiple venturi; that is. 
several venturi, one inside another. For example, three Venturis are shown in figure 4. 
When the throttle is opened sufficiently, the air passing through creates a pressure differ- 
ence which c.iuses a discharge of fuel from the nozzle. Throughout the intermediate and 
high-speed range, this discharge increases with the volume of air passing through so that a 
fairly uniform fuel-air mixture ratio is maintained. Assisting in maintaining this fairly 
constant rati 5 is an air bleed which is incorporated in the nozzle. With increased air speed 
through the venturi, increased air bleeding into the main nozzle takes place, preventing 
overrichness. Note the air bleeds in figures 3 and 4. 
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Figure 3. Power jet. 




Figure 4. Metering rod circuit. 
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(2) The high-speed and low-speed circuits overlap. For example, as the 
throttle IS moved from the closed to opened position the idle, low-speed and high-speedy 
circuits successively take over the main job of supplying fuel. With a closed throttle, the 
idle discharge hole alone supplies fuel. As the throttle is opened so its edge moves past 
the low-speed hole, the low-speed hole begins to discharge fuel to meet the added fuel 
requirements of the engine as engine speed increases. As the throttle opens still wider, 
the additional and fast-moving air through the air horn begins to produce fuel discharge 
from the main nozzle. As the main nozzle takes over, the low-speed discharge hole is 
closed. 

(3) The carburetor is so designed that the fuel-air ratio of the mixture sup- 
plied with an open throttle provides economical operation. This ratio is near 15:1 by 
weight. If the mixture is enriched to around 11:1 or 12:1, the engine will produce greater 
power, even though it will not run quite as economically. To increase engine power for 
high-speed or heavy-load operation (as when pulling up a hill), and still maintain reasonable 
economy, an additional circuit is included in the carburetor which enriches the mixture 
with a wide-open throttle. Several varieties of full-power circuits are described in (a), (b), 
and (c) below. 

(a) Power jet . In some carburetors, a power jet provides the additional 
luel necessary for maximum power at wide-open throttle. The power-jet valve (fig 3), con- 
trolled by a vacuum-actuated piston assembly, operates in accordance with the tii/ottle 
opening. With the throttle closed a high manifold vacuum is present, and the vacuum- 
controlled piston assembly is moved up by atmospheric pressure in the float chamber to the 
top of Its cylinder against the tension of a spring, closing the valve. When the throttle is 
opened to a point where additional fuel is required, the manifold vacuum has decreased suf- 
ficiently so that the spring on the piston assembly moves the piston down, opening the power 
jet to feed additional fuel into the high-speed circuit. The jet valve is sometimes referred 
to as the economizer valve since its operation provides full-power operation where needed 
and more economical operation at other times. 

(b) Metering rod . Instead of using a power jet, some carburetors 
accomplish the same result by employing a metering rod (fig 4) which varies the size of the 
high-speed jet openings. Fuel from the float bowl is metered to the high-speed circuit 
through the calibrated orifice provided by the high-speed jet and the metering rod within it. 
From this point the fuel is conducted to the nozzle extending into the venturi. As the throttle 
valve is opened its linkage raises the metering rod in the jet. The rod has several steps, 

or tapers, machined on the lower end; and, as it is raised in the jet, it makbs the effective 
size of the fuel orifice greater, permitting more fuel to flow through the circuit to meet the 
load aemand imposed on the engine. At the wide-open throttle position the smallest step of 
the metering rod is in the circular opening of the jet, permitting the maximum amount of 
fuel to flow through the circuit to meet the requirements of maximum power. The metering 
rod position must be synchronized with every throttle valve position so the proper ratio of 
air and gasoline is delivered to the engine for all speeds and driving conditions. 

(c) Vacuum step-up . The vacuum step-up (fig 5) operates similarly to 
the power jet. It consists of a step-up piston which is fastened to a step-up rod. When 
vacuum develops in the intake manifold, as it does under part-throttle operation, atmospheric 
pressure holds the step-up piston down against its spring pressure so that the step-up rod 

is held down in the step-up jet. thus closing off the jet. With wide-open throttle there will 
be a low vacuum in the intake manifold and the difference in pressure above and below the 
piston IS small. Consequently, the piston is moved up by its spring pressure and the rod is 
raised out of the jet. Then additional fuel for full-power operation is supplied. 
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Figure 5. Vacuum step -up circuit* 

e. Accelerating pump circuit. The accelerating pump circuit controls a small 
amount of fuel that is momentarily discharged into the airstream when the throttle is opened 
quickly. This extra amount of fuel is necessary to insure instantaneous response from the 
engine on acceleration. When the throttle is suddenly opened, air rushes through both the 
carburetor anc. the intake manifold. The air is lighter than the liquid fuel and gets into 
motion quickei , so it reaches the manifold before the fuel charge supplied by the high-speed 
system. This results in a momentarily lean mixture. To counteract this condition, addi- 
tional fuel must be supplied. This is accomplished by the acceleration pump circuit. 

(I) The accelerating pump circuit consists of a pump cylinder; a plunger, 
mechanically c.ctuated by a lever mounted on the throttle shaft, or vacuum-operated by 
intake manifold vacuum; an intake check valve, located in the bottom of the pump cylinder, 
to control the ^Dassage of fuel from the bowl into the pump cylinder; a discharge check 
valve; and an accelerating jet to meter the amount of fuel used. A typical arrangement with 
a mechanically actuated plunger is shown in figure 6. 




Figure 6. Accelerator circuit. 

(2) When the throttle is opened, the pump plunger moves downward in its 
cylinder. If trte plunger is mechanically operated, the downward movement will be brought 
about by direct linkage with the throttle. If it is vacuum-actuated, a sudden throttle open- 
ing will cause the manifold vacuum to drop, allowing the accelerating pump spring to force 
the pump plunger down in the cylinder. In either case, the subsequent action of the accel- 
erating pump circuit is the same. The downward travel of the p.lunger forces the fuel past 
the discharge check valve to the accelerating ;et, which meters the rate at which it is 
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discharged into the airstream. Fuel is supplied to the pump cylinder through the intake 
check valve at the bottom. The level of fuel in the pump cylinder when the ilunger is at the 
top of Its stroke is approximately equal to the level in the fuel bowl* The intake check valve 
in the bottom of the cylinder permits a supply of fuel to reach the cylinder but closes on the 
down stroke of the plunger, preventing the fuel in the cylinder from being p'lshed back into 
the bowl. The accelerating pump discharge is only needed momentarily whsn the throttle 
is opened suddenly. To prevent the accelerating jet from flowing at constant throttle open- 
ings, some models have an air-vent check valve placed between the accelej-ating jet and 
pump cylinder above the fuel level. At steady part -throttle positions, when the pump plunger 
is inoperative, no pressure exists on the fuel in the pump cylinder. Under this condition, 
the air-vent check valve will be open and the air will enter the passage coniiectmg the pump 
cylinder aind accelerating jet, preventing fuel from flowing through the jet. The pi 3 sure 
on the fuel, created by the down stroke of the pump plunger, causes the air -vent check valve 
to close against its seat to prevent the fuel from being discharged back into the bowl through 
the air-vent passage. On some carburetors, the area above the plunger is connected to the 
intake manifold so that the accelerating pump does not work while the engine is not running. 

(3) Successful operation of the accelerating pump depends on a delayed action 
that provides a continual stream of fuel from the pump jet after the throttle has ceased 
moving. This is to take care of the fuel demands of the engine in the interval that exists 
between the time the throttle is opened and the time the high-speed nozzle begins to dis- 
charge fuel. 

(a) Some carburetors achieve this action by means of the dry pump. A 
pocket of air is maintained in the plunger cup between the plunger and the fuel. When the 
plunger is pushed down it compresses this air. The compressed air, in turn, forces the 
fuel from the pump cylinder. At the end of the plunger stroke the compresiied air expands, 
providing the necessary force to continue the fuel discharge. If some of th«i air below the 
plunger is absorbed by the gasoline, a small amount of air escapes downward past the 
plunger, replenishing the supply of air necessary for delayed action in the j>ump cylinder. 
A carburetor employing a dry pump does not require an air vent to prevent the accelerating 
jet from flowing at constant throttle openings. The air remaining in the cylinder is below 
atmospheric pressure and does not exert enough force to cause fuel to flow. Some models 
use a pump-connector link spring instead of the pump-connector link. The spring has a 
double purpose, one of which is to assist in the delayed action of the pump <lischarge. When 
the throttle is opened suddenly, the plunger is driven down in the cylinder hut the spring is 
also slightly compressed. As the spring expands to its normal position, it aids in pushing 
the plunger against the air pocket and assists in the dela/ed delivery of fuel through the 
pump jet. The spring will also absorb any strain on the linkage if the pump jet becomes 
obstructed. ♦ 

(b) Another type of accelerating pump is called a wet pump and functions 
w^thcixit any cushion of air underneath the pump plunger. For its delayed action, this t>'pe 
of pump circuit depends upon the pump spring. Its expansion continues the discharge of 
fuel for a brief period after the sudden opening of the throttle. This operation is effected by 
a different linkage arrangement. As the throttle is closed, the pump-opera.ting link raises 
the plunger in the pump cylinder, compressing tne pump spring. When the throttle is 
opened, the linkage permits the spring to drive the plunger downward. 

f. Dual carburetors . Many carburetors, particularly those for ijngines with more 
than 6 cylinders, have two barrels. Each barrel is a complete carouretor with its own idle, 
low-speed, and high-speed circuits, and an accelerator-pump discharge jei . There is a 
separate throttle valve for each barrel, but both are mounted on a single throttle shaft so 
that they open and close together. The purpose of the two barrels is to spl. t the responsi- 
bility of fuel-air mixture delivery to the various cylinders between two sexr i-independent 
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carburetors. For instance, in an S-cylinder. in-line engine, one barrel might take care of 
cylinders numbers 1. 2. 7. and 8 while the other barrel would take care of cylinders num- 
bers 3 4. 5. and 6. With such an arrangement there would be two intake manifolds, one 
feeding one group of cylinders from pne barrel of the carburetor and the other feeding the 
other group from the other barrel. 

g. Choke circuit . 

(1) When the engine is cold, the gasoline vapors tend to condense into large 
drops on their way to the cylinders. Because all the gasoline supplied to the cylinders will 
not vaporize, it becomes necessary to supply a richer mixture to have enough vapor to 
assure combustion. This is accomplished by ihe choke circuit, which is a choke valve plate 
placed in the carburetor throat above the venturi. 

(2) When a driver operates the choke, the choke valve tilts in the air horn to 
reduce the amount of air entering the throat, giving a very rich mixture. Only the volatile 
parts of the gasoUne will vaporize at cold temperatures; therefore, a rich m^=*t"" " 
essary It provides enough ignitable vapor to start the engine. However, if the choke valve 
is in the full-choke position, it is completely closed, shutting off the supply of air. Conse- 
quently, there is not enough air entering the throat to ignite the gasoline. The necessary 
air is admitted in manual chokes by either one of two semiautomatic features. 

(a) In one design, the choke valve incorporates a spring -loaded poppet 
valve (fie 7). The poppet is held in the closed position by a weak spring. As soon as the 
Ingi^e tins over, there is sufficient pressure differential to open the valve, allowing some 
air to flow. 




Figure 7. Spring -loaded poppet valve in choke valve. 
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(b) In the other design, the valve is off-center (fig 8) and operates through 
a coiled spring on the end of the choke shaft (fig 9). In the fuU-choke position the spring 
holds the choke valve in the closed position. As soon as the engine turns over an increased 
pressure differential overconnes the spring tension and opens the choke valve part way, 
admitting a small amount of air to avoid overchoking or flooding the engine. As the engine 
warms Up the choke valve is gradually advanced to the wide-open position by the operator to 
supply the leaner mixt'ire required for a hot engine. 
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Figure 8. Off-center choke valve. 
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Figure 9. Automatic choke— thermostatic coil spring, 
h. Automatic choke . 

(1) The automatic choke (fig 9 and 10) replaces the conventional manual choke < 
It not only controls the fuel-air ratio for quick starting at any temperature, but also pro- 
vides for the proper amount of choking to enrich the fuel-air mixture for all conditions of 
engine operation during the warmup period. The automatic choke is built into the carbu- 
retor. It consists of a thermostatic (bimetal) spring and a vacuum piston which opposes the 
action of the spring. The spring is connected to the choke valve in such a manner as to 
close the valve when the spring is cold. The vacuum piston tends to open the choke valve 
when the engine manifold vacuum is high. The choke valve is mounted off-center on the 
choke shaft so that any increase in air velocity through the air horn will tend to open the 
valve. 
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Figure 10. Automatic choke. 

(2) The operation o£ the automatic choke is dependent on three factors: heat, 
intake manifold vacuum, and the velocity of air passing through the ciir horn. When the 
engine is cold th-* thermostatic spring holds the choke valve closed. When the engine is 
started the low pressure (high vacuum) below the throttle valve permits atmospheric pres- 
sure to move the piston down and partially open the valve against the tension of the thermo- 
static spring. Under varying load conditions during warmup, the position of the choke 
valve will be changed by the operation of the vacuum piston working against the thermostatic 
spring, and by the air velocity in the air horn. Hot air from the exhaust manifold is directed 
to the thermostatic spring so that the spring loses its tension as the engine is heated. This 
permits the choke to open gradually and, after it reaches full-open position, it is held open 
by the action of the intake manifold on the piston. The absence of tension on the heated 
thermostatic spring and the velocity of the air passing through the air horn will also help to 
keep the choke open. When the engine is stopped the thermostatic spring cools and closes 
the choke valve. The choke valve is fully closed at a temperature of approximately 70 F. 



3. CARBURETOR TROUBLESHOOTING. 

a. General instructions . Efficient operation of a gasoline engine requires that the 
engine, the fuel system, and the ignition system must operate properly. If any component 
IS not up to specifications, poor engine performance will result. Similar symptoms may 
result from faulty operation of any of the components. The only way of being sure that a 
given trouble, such as poor gasoline mileage or hard starting, is being caused by the car- 
buretor IS to first check the engine, ignition system, and the fuel system excluding the car- 
buretor. It will also be found that many causes of poor gasoline mileage are the result of 
bad driving habits or conditions such as excessive use of low speeds in accelerating, sus- 
tained high speeds, and stop and start "city" driving. 

b. Prccedures . It is obvious that the best way to troubleshoot a carburetor is 
while It IS mounted on an operating engine. The repairs and adjustments required can best 
be determined while operating the engine under all conditions. Paragraph c below lists 
complaints which may be caused by a defective carburetor. However, it should not be 
assumed that, when these symptoms are present, the fault is always in the carburetor. 
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c. Malfunctions and their causes * 

(1) Poor gasoline mileage due to rich mixture. 

(a) Excessive black smoke emitting from the exhaust pipe and sooty 
deposits on spark plugs usually result when poor gas mileage is noted. Some of the causes 
are as follows: 

1. Float level set too high. 

2. The metering jet is too large or the metering rod is too small. 

3. The nozzle gasket was left off when the carburetor was assembled. 

4. The metering jet or nozzle is loose. 

5. The accelerating pump air vent is clogged. 

6. The air bleed hole in the fuel discharge nozzle is stopped up. 
7_. Holes in the main vent tube are clogged. 

8. The fuel pump pressure is too high. 

9. The metering rod spring is not connected to the rod. 

10 . The air cleaner is dirty or clogged. 

11. The bowl cover is warped or the cover gasket is damaged. 

12. The vacuum passage to the step-up piston is plugged. 

13 . The choke is stuck in a partially closed position. 

(b) White oxide deposit on spark plug insulators and no black smoke from 
the exhaust pipe is an indication of the mixture being too lean. It can be caused by: 

U The float level set too low. 

2_. The metering jet too small or the metering rod too large. 

3. Two gaskets placed under the high-speed nozzle when the carbu- 
retor was installed. 

4^. The high-speed fuel passage restricted. 

(2) Vehicle is hard to start. 

(a) During cold weather this is probably due to: 

1. The choke not closing properly. 

2. The float bowl drain plug leaking. 



OS 403, 3-Pll 

ERIC 



(b) While the engine is hot. hard starting may be caused by: 

1. The automatic choke not opening soon enough. 

2. The antipercolator not opening properly. 

(3) Lack of power. Normally, the same problems that cause poor gas mile- 
age wiU also cause an engine to lack power. In addition, depending on the type carburetor 
used, the following should be checked when performance at wide open throttle is poor: 

(a) Piston of the vacuometer not operating. 

(b) Piston in the step-up system not operating. 

(4) Poor idling performance. 

(a) If the engine voUs or gallops during idle, it is usually a result of the 
fuel-air mLxture being too rich. Some of the causes are: 

1. The idling jet improperly adjusted. 

2. Carbon deposits in the bore of the idling jet. 

3. Air bleed passages clogged. 

4. Metering hole in the low-speed jet worn too large. 

5. Idle adjusting screw damaged as a result of overtightening. 

6. The economizer is oversized. 

(b) If the engine misfires and vibrates excessively while idling, a lean 
mixture is indicated. This can be caused by: 

1. Idling jet improperly adjusted. 

2. Air leaking around the intake manifold gasket. 

3. Carburetor flange gasket not tight, allowing air to enter. 

4. Leaking around the carburetor main body gasket. 

5. Throttle shaft bearings worn. 

6. A clogged economizer. 

7. The idle orifice tube or metering hole in the low-speed jet clogged. 

8. A loose idle port plug. 

(iJ) The engine falters or pops back through the carburetor during acceleration. 
This type malfjinction is normally a result of an insufficient discharge from the accelerating 
pump circuit. One method of checking it is to remove the air filter and. with the ignition 
off suddenly cpen the throttle all the way while looking into the carburetor throat. If the 
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pump is operating, the discharge stream of fuel can be seen. This check can be made only 
if the pump is operated by mechanical linkage. If the system is found to be fauxty, check 
for the following: 

(a) aogged or sticking intake and discharge check valves. 

(b) Worn leather on the plunger piston. 

(c) A weak pump spring. 

(d) Improperly seated ball checks. 

(e) A blocked pump passage. 

(f) Insufficient travel of the piston. 

(g) A clogged vacuum passage. 

(h) Air leaking into the vacuum passage. 

(6) Carburetor floods or leaks. This malfunction will be noticed during 
starting, running, and idling. It can be recognized visually, by smell, or by engine per- 
formance. Th^ following can cause this condition: 

(a) The float level set too high. 

(b) A clogged bowl vent. 

(c) An improperly seated bowl gasket. 

(d) A worn needle or seat in the float jet. 

(e) A damaged float jet seat gasket. 

(f) Foreign matter lodged between the needle and seat. 

(g) A binding float needle. 

(h) A cracked bowl. 

(7) Engine starts and idles but will not run at high speeds. This can be 



caused by: 



(a) A clogged high-speed jet, nozzle, or passage. 

(b) A blocked air cleaner. 

(c) Insufficient fuel from the fuel pump. 

(d) A clogged fuel filter. 

(e) A blocked muffler or tailpipe. 
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4. CARBURETOR MAINTENANCE. All carburetors are similar as far as castings, 
locations of passages, jets, and nozzles are concerned. Maintenance personnel, however, 
should realize the need for using the proper repair kit when overhauling a carburetor. All 
carburetors have a nameplate attached, which gives the model and number of the carburetor. 
When orderiiig replacement parts or repair kits, this model and number should be mentioned 
to assure that the correct parts or repair kits are furnished. 

a. Disassembly . Before disassembling any carburetor, disconnect the control 
linkage and remove the carburetor from the engine. 

(1) To disassemble the bowl cover, disconnect the throttle connector rod at 
the pump arm and remove the screws attaching the bowl cover; then lift out the bowl cover 
with all the parts attached. Remove the metering rod (if used), float pin, needle and seat, 
pump link and plunger, and the pump arm and collar assembly from the bowl cover. The 
nozzle asserrbly extends into the primary venturi of the air horn; and the nozzle passage 
plug, the nozcle retainer plug, and the nozzle assembly must be removed before the air horn 
can be removed. While detaching and lifting the air horn assembly, be careful not to dam- 
age the choke spring. Remove all parts from the body casting. It is best to remove all of 
the parts that can be removed with one size of screwdriver or wrench and with a minimum 

of shifting the casting before changing tools or moving the work. 

(2) As the various sections of the carburetor are disassembled, they should 
be laid out by circuits, preferably in a clean, divided tray and on a well-lighted workbench. 

b. Inspection, repair, and reassembly . 

(1) The idle passages, the idle bypass hole, and the economizer in the body 
casting must be absolutely clean. Soal^ the casting for a short time in an approved cleaning 
solvent and then blow out the passages with compressed air. Th^ carburetor bore must be 
free from an) foreign deposit around the throttle valve. The accumulation of this deposit, 
to which all carburetors are subjected during prolonged low speed operation, is generally 
overlooked by an untrained or careless carburetor serviceman. No other factor will con- 
tribute as much toward causing rich idle and low-speed operation as does this deposit, 
which affects throttle operation. 

(2) Soak the parts of the air horn and bowl cover in cleaning solvent, and blow 
them dry with compressed air. Inspect the air horn for an out-of-round condition. Look 
for dents in the Venturis, and check for wear of the choke shaft bearings. Also inspect the 
oowl cover for warpage. A wire basket usually facilitates the cleaning of the smaller parts. 
Those parts v/hich are to be replaced by parts furnished in the repair kit, such as the low- 
speed jet, gaijkets, etc, need not be cleaned. Whenever a carburetor is to be completely 
overhauled, the installation of all the parts furnished in the repair kit package is recom- 
mended. The package usually includes the following parts; low-speed jet, nozzle assem- 
bly, float pin. needle and seat, pump jet, strainer, pump arm, pump plunger, metering rod 
and jet, throttle shaft lever, throttle connector rod, pump checks, metering rod disk, and 
all necessary gaskets, plugs, screws, felt packing, springs, and retainers for complete 
servicing. 

|3) After the carburetor body casting has been cleaned, it should be inspected 
to insure that the nozzle gasket has been removed from the high-;.peed passage, that all 
foreign accumulations and dirt have b^en removed from all passages and surfaces, and that 
the idle port is clean and has not been damaged. Check alx shoulders and the seats of check 
valves, low-speed jet, nozzle, and screw plugs so that ports which have been damaged may 
be replaced. All of the carburetor circuits and their components should be inspected. 
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(4) Since the fuel enters the bowl through the float valve, the level of the fuel 
IS controlled by the float setting. This float must not be bent out of shape, damaged, or 
worn, and the float lip must be smooth. Smoothing of the lip may be done with a fine emery 
cloth, li necessary. The float valve needle and valve seat must be checked for wear. Fig- 
ure 11 shows enlarged views of a good float valve needle and a badly worn one. Check the 
needle by sliding the edge of your thumbnail over the seating surface. A groove, caused by 
contact with the seat, denotes wear of the needle's seating surface and indicates a corre- 
sponding amount of wear on the needle valve seat. Needles and seats are obtainable only 
as matched sets and should be replaced as such. 



Good 
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Figure 11, Enlarged view of a float needle valve. 

(5) Group together all carburetor parts that control the fuel level. The group 
should consist of a float pin, needle valve, valve seat, bowl cover, and bowl gasket. These 
component parts may now be put back together. Install the valve seat and gasket assembly 
first, and then the needle valve, float, lever assembly, and float pin. Detect wear on the 
float pin by sliding a fingernail along the surface of the pin in the manner recommended for 
checking the needle. The float pin hole in the float must not show wear. If you can visually 
notice any wear, replace the part. Figure 12 shows the correct method used in checking 
the float level. Make the necessary adjustments by bendin^ only the float lip. .Check the 
applicable technical manual for the correct setting. 

(6) Begin the inspection, repair, and assembly of the low-speed circuit with 
the inspection of the low-speed jet. When a new low-speed jet is installed, the straight end 
13 forced into a tapered seat in the casting to form a seal. When the low-speed jet is 
removed, it is doubtful whether or not a satisfactory seal can again be effected between the 
upper tip of the jet and the body casting. Therefore, it is important that the low-speed jet 
be replaced with a new one whenever it is removed for any reason. There should be one 
copper gasket under the head of the low-speed jet. Visual inspection of the throttle valve 
should not show any camage. The valve must be installed with the stamped trademark facing 
the idle port and the mounting flange. 

(7) Group together all of the parts which control the low-speed operation. 
The group should consist of the low-speed jet and gasket, idle port plug, throttle shaft, 
valve, and screws. Back out the throttle lever adjusting screw. Position the throttle valve 
so that the smaller letter "c , ' inside a circle, or the part number stamped on its face is 
toward the idle port facing the manifold side of the flange. Be sure to center it before 
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tightening the screws. Next, install the idle adjustment screw and ^'^^'^S'^f; P.^f ^'"^^^ 
ard a new low-speed jet. Be sure to install a new copper washer xn the body of the casting 
before installing the jet. 
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Figure IZ. Setting the float level. 

(8) The next items to be laid out, inspected, repaired, and reassembled are 
parts of the pumo circuit. Group together all parts of the pump circuU. S-^^^ 
include the plunger assembly, pump spring, pump connector hnk, intake --'^/^I'^^^f 
checks, strained check passage plug and gasket, pump jet and Pump jet P^;;g' P^^P ""^ 
.nH collar assembly, felt washers, pump cylinder bushing gasket (cork), and necessary 
rl ners f: the pump link. The leather gaskets should be soaked in oil to so ten them 
Ind tJey mu t be clean and in good condition. The plunger itself must be carefully insertea 
"to the'cyUnder by means of a cylinder loading tool. Install a new pump cyhnder gasket. 
TMs gasket must be replaced each time the top of the pump cylinders ^^^^^if-J^^^^^^ 
rh.rk valves and the pump jet must be clean and the parts undamaged. Each of these units 
must ef a Ugh^^^^^^^^^ inVhe casting. You can test the check -^-^^-J^^^J^^^X''^ 
blowing through':he assembly. All of the linkage must be free from ^-^1-^ - hfbowl 

-tr ^^x^stin-irbiTb- r ^^^^^^^^ pi^tV:;\ri^s;rmust not 

be lubricated but should be kept clean. 

(9) install the pump jet and the pump jet plug, placing a new 8^^^^' 
casting befor installing the pump jet plug. Next, install the pump ^^-'^^-Se h-k 

"d th! intake check vafve. Insert the strainer in the check valve passage plug and place 
new gasket xn th^ casting before installing the plug. 

(10) Inspect the component parts of the h:gh-speed system. "^'^'J;^^;.^; 
.... . c Janlnd uLamage. It .a ~ ^Z:: ^ rT^in 
fn'Sr^oCperfo^mtc^e^'lL^n^t^^l^ venturi with the flat s.de up. 

To oroDerly install a nozzle, hold it stationary while you txghten the nozzle plug The 

r/r°n! -L di k must be free to move on the metering rod so that it may provide an efiec- 
a r seat a it mteHng hole in the bowl cover. The metering rod spring must be 
hooked trthe „,..nering rod which holds it in a steady position in the metering rod jet. 

7i 
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(11) Group ^lU of the parts controlling the high-speed circuit together, includ 
mg the nozzle assembly, gasket, retainer plug, nozzle passage plug and gasket, metering 
rod and duk. and the metering rod jet and gasket assembly. Start reassembling the high- 
speed circuit by installing the bowl cover assembly and cover gasket, the pump connector 
link, the throttle shaft arm. and the throttle connector rod. Metering rod adjustments are 
always made during the overhauling of the carburetor or at definite service maintenance 
periods. The metering rod must be properly gaged after backing out the throttle stop screw 
located in the throttle lever until the throttle valve is fully closed, or the amount of fuel 
delivered by the high-speed circuit will be incorrect throughout its entire range. Open the 
throttle and insert a metering rod gage in the place of the metering rod. Seat the tapered 
end of the gage in the metering rod jet. With the throttle valve tightly closed and the gage 
seated in the metering rod jet, there should be less than 0.005-inch clearance between the 
metering rod pin and the shoulder of the gage. To make an adjustment, bend the throttle 
connector rod to the necessary angle, using the slotted portion of the tool with the grip 
handle and bar. When the adjustment has been made, remove the metering rod gage and 
reinstall the metering rod and disk. 

Note, - Answer the questions below. 

31. Essentially, the high-speed circuit in a carburetor consists of the 

a. main nozzle, 

b. air horn. 

c. needle valve. 

32. What do some carburetors use instead of a power jet? 

a. Air bleed 

b. Choke circuit 

c. Metering rod 

33. Which circuit provides fuel delivery during closed throttle operation? 

a. Idle and low-speed 

b. High-speed 

c. Accelerating pump 

34. Where does the stepped-end of the metering rod fit? 

a. In high-speed jet 

b. On top of float 

c. Under step-up piston 

35. What forces the accelerating pump plunger down in the cylinder if the pump plunger is 
vacuum -actuated ? 

a. Vacuum 

b. Linkage 

c. Spring 



36, Which circuit supplies additional fuel when the throttle is suddenly openea 

a. Accelerating pump 

b. High-speed 

c. Full-power 
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11, What forces the fuel from the float bowl through the idle circuit and •at the discharge 
hole? 

a. Atmospheric pressure 

b. Accelerator pump 

c. Airflow through venturi 

38. What holds the poppet in the choke circuit in the closed position? 

a. Metering rod 

b. Airflow 

c. Weak spring 

39. What controls the two throttle valves in a dual carburetor? 

a. Single accelerator pump circuit 

b. Single shaft mounting 

c. Thermostatic springs 

40. What opens the off-center choke valve part way when the engine initially starts? 

a. Engine speed 

b. Spring tension 

c. Pressure differential 

41. What are the two types of accelerating pumps? 

a. Dry and wet 

b. Plunger and rotary 

c. Positive and variable 

42. Where is the intake check valve located in the accelerating pump circuit? 

a. Next to accelerating jet 

b. On bottom of pump cylinder 

c. On top of discharge check valve 

43. What will occur if the fuel level in the carburetor bowl is too high? 

a. The mixture will be too lean 

b. The float will fill with fuel 

c. The fuel consumption will be extremely high 

44. What provices the heat for the thermostatic spring in an automatic choke? 

a. Exhaus: manifold 

b. Cylinder head 

c. Intake manifold 

45. There is a relatively high vacuum in the in, manifold when the 

a. engine is operating at high speeds. 

b. throttle is closed. 

c. throttle is open. 
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What helpa to produce fuel flow when the pressure differences between the upper and 
lower portions of the air horn are low? 



a. Venturi 

b. Needle valve 

c. Air bleed 

47. Where is the main nozzle located? 

a. In the venturi 

b. Below the throttle valve 

c. In the low-speed circuit 

48. What holds the step-up piston down against its spring pressure during part-throttle 
operation ? 

a* Atmospheric pressure 

b. Low-intake manifold vacuum 

c. Main metering rod 

49. Which part must have its position synchronized with every throttle valve position? 

a* Needle valve of float circuit 

b. Piston in the accelerating circuit 

c. Metering rod 

50* Where is the choke vadve plate located? 

a* Below the throttle valve 

b. In the intake manifold 

c. Above the venturi 
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1, Describe the principles of the gasoline 
engine fuel injection system, 
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tive gasoline fuel injection system. 
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STUDY TEXT 



1. For a.n vmder standing of the principles of air-fuel induction and supercharging 
systems, study paragraphs 2-1 through 4-1 of ST 9-177. 

2. For an understanding of the principles of operation, construction, and maintenance 
of the Sin oionds fuel injection system, study paragraphs 5-1 through 7-5 of ST 9-177. 

Note. - Answer the questions below. 

51. What is a disadvantage of supercharger equipped engines in comparison to conventional 
carbureted engines? 

a. Less response is attained for the throttle position 

b! Less torque can be attained at high revolutions per minute 

c! Less economical with respect to fuel consumption 

52. In what type fuel injection system is it difficult to vary the fuel input among all 
cylinders at a uniform rate? 

a. Continuous flow 

b. Timed injection, common rail distribution 
c! Timed injection, independent distribution 

53. In timed injection, when is combustion chamber injection more effective than port 
injection? 

a. During idling speeds 

b. During initial acceleration 

c. During extremely high speeds 

54. Which is a characteristic of a fuel injected gasoline engine in comparison to a 
conventional carburetor engine? 

a. Finer degree of fuel filtration is necessary 

b. Backfiring occurs more frequently 

c. Lag time is greacer during acceleration 



55. 



Which model of the Simmonds injection pump is used on the AVSI 1790-6 engine? 



a. SU 15-G 

b. SU 15-D 

c. SU 15-C 



56. What regulates the position of the servovalve and skew shaft in the injector pump? 

a. Wobble plate 

b. Sandwich piece 

c. Tuning springs 

57. What conditions in the injector pump wUl NOT affect the servovalve opening? 

a When the skew shaft is low, with increased manifold pressure 

b* When the skew shaft is high, with decreased servo oil pressure 

c. Wh«n the plunger stroke is long, with decreased manifold temperature 
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58. What component of the injection pump used on supercharged engines reduces the fuel 
flow correspondingly with reduced airflow at high speeds? 

a. Wobble plat© 

b. Metering control valve 

c. Adjustnnent screw 

59. What will cause a fuel injected engine to emit excessive smoke while operating? 

a. Leak in manifold line 

b. Low fuel supply pressure 

c. Restricted fuel lines 

60. How will a fuel injected engine react if the metering valve hangs open? 

a. Engine idling will be rough 

b. Engine will not accelerate 

c. Engine will pop under load conditions 

61. Why is maximum economy difficult to achieve in an engine? 

a. Incomplete mixing of fuel and air 

b. Excessive atomization and vaporization of fuel 

c. Completely burned fuel 

62. What is a limiting factor of a carburetor fuel system for an engine operating at higher 
speeds ? 

a. Long intake manifold aids vaporization of fuel 

b. Large venturi limits fuel supply 

c. Small Intake manifold to retain air velocity 

63. What statement in relation to gases is correct? 

a. Volume is decreased if temperature is increased 

b. Volume is halved if pressure is doubled 

c. Volume is increased if pressure is applied 

64. What increases the power output of a supercharged engine? 

a. Higher compression pressure 

b. Lower burning temperature of ga^es 

c. Decreased density of fuel-air mixture 

65. What device is used to compensate for the increase in cylinder head temperature of a 
supercharged engine? 

a. Air horn 

b. Manifold heater 

c. Heat exchanger 
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66. Which is a disadvantage of a supercharged engine? 

a. Less engine weight 

b. Higher fuel consumption 

c. Unimproved torque output 

67. What type compressor (pump) is normally used for extremely high speed supercharged 
engines ? 

a. Centrifugal 

b. Diaphragm 

c. Reciprocating 



68. Why is the fuel-air mixture requirement of an engine at idling speeds richer than it is 
for power or the high-speed phase? 

a. Exhaust gas dilution is at its minimum 

b. Exhaust gas dilution is at its maximum 

c. Fuel-air mixture is about 16:1 

69, Which component of the injector pump contains self-lubricating qualities? 



a. Wobble plate 

b. Main shaft 

c. Skew shaft 

What may result when the oil pressure delivered to the Simmonds fuel injector pump is 
less than 23 PSI? 



a. Poor engine idling 

b. Fast engine idling 

c. Rich air-fuel mixture 



a 
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Lesson Objective After studying this lesson you will be able to: 

1. Explain some of the advantages of a niulti- 
fuel engine. 

2. Describe the construction of a multifuel 
system. 

3. Explain the operation of a multifuel system, 

4. Describe the principles of a diesel en^'ine, 

5. Describe the principles of a multifuel 
engine. 

6. Describe the principles of a gas-turbine 
engine. 

Study Assignment Study the text that follows. It will provide you 

with information on the philosophy of multifuel 
engines, construction and operation of the 
multifuel system, and the principles of diesel, 
multifuel, and gas -turbine engines. 

Materials Required Exercise response list and answer sheet. 

Suggestic ^.^ Study each illustration as you study the text. 

STUDY TEXT 

1. INTRODUCTION. 

a. The key to winning future wars will be mobility. Mobility implies more trans- 
port of more people and more weapons than we have ever moved before. The vehicles 
needed to accomplish greater mobility may some day be powered by turbines, free-piston 
engines, or nuclear reactors. For the present, however, our vehicles must rely on con- 
ventional piston engines. 
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b. The single factor of fuel consumption is being attacked, not only because of 
the dire prophecies of ultimate depletion of our petroleum resources, but because reduction 
in fuel consumption by our forces means overall reduction in expenditures of time, 
machines, and transportation. 

c. Since the piston engine remains our primary powerplant, it is obvious that 
maximum improvement in economy must be achieved. This can best be done through the 
use of compression ignition engines, 

d. Why are multifuel engines an answer to our problem? No matter how a barrel 
01 crude oil is refined, one of the major end products is gasoline. The requirements of the 
Armed Forces and internal transport will govern the total quality of middle -distillate fuel 
that will be available. In addition, the demand by these services for middle distillates and 
heavier fuels makes it evident that gasoline is the only fuel that will be in relatively long 
supply. Therefore, it is desirable to have the engines of ground vehicles that operate on 
middle distillates also be capable of burning gasoline. 

e. Compression ignition engines that will run on gasoline can also become engines 
that will run on fuels of higher cetane. An engine that will operate over a workable fuel 
spectrum will enable our Armed Forces to fight anywhere in t^.e^ world on fuels shipped from 
the continental United States, from its allied producing areas^and on fuels available in the 
area of action it<^elf. 

f. The reason the military has a need for multifuel engines is due to the logistical 
problem. It is well known that miUtary operations in any area of the world will involve a 
large amount of automotive equipment. The fuel required to keep the equipment running is 
enormous, and the transportation of this fuel is a great problem. The burden of transporting 
fuel required would be reduced if engines would do the following: 

(1) Utilize all available fuel in the range from medium octane gasolines 
through the middle distillates. This would vastly increase the amount of usable fuel avail- 
able to automotive vehicles. 

(2) Operate efficiently on any fuel that is available in its area of operation. 

(3) Give better fuel economy than existing powerplants. 

g. The multifuel engine is the only powerplant concept that will have the omnivorous 
but restrained appetite needed to meet these requirements. 

2. PHILOSOPHY OF MULTIFUEL ENGINES. 

a. A multifuel engine is defined as an engine that meets the following Army 
requirements: 

(1) The engine must operate on most types of petroleum fuel without manual 

adjustment. 

(2) It must start and operate at temperature ranges from -25° F to -115° F 
without off -engine auxiliary equipment. 

(3) It must develop full engine power output on any fuel (proportional only to 
the specific heat of each fuel). 

(4) The engine -cooling system package must weigh no more than 6 pounds per 
horsepower developed. 
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b. The first step in developing a inultifuel engine was selecting the type of engine 
that could best be converted. The first engine examined was the one used most extensively 
by the Army - the gasoline engine. The gasoline engine was readily eUminated for the 
following reasons: 

(1) GasoUne engines operate on high octane, highly volatile fuels, which can 
only be produced from a small area of the available fuel spectrum. 

(2) Fuel economy in gasoline engines is poor, even with the much publicized 
gasoline injection system. Since shipping of fuel (which exceeded 50 percent of all supplies 
shipped m World War II and the Korean Conflict) is strictly a logistical problem, gasoline 
engines are not economically practicable. 

c. Other engines, such as the gas turbine and free piston engines, are truly 
multifuel engines. Gas turbines show much promise. Development programs are being 
conducted m the 600 -horsepower range and also the 300 horsepower area. These turbin 
are expected to approach diesel engine fuel economy at part and full load. 

d. The diesel engine was selected because it is an internal combustion engine 
like those previously discussed. It requires air, fuel, and ignition. 
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3. DIESEL ENGINES. 

a. Defimtion. A diesel engine is an internal combustion engine in which ignition 
IS derived'from the heat of compression. The diesel engine requires no aid for ignition; 
the tuel being ignited solely by contact with the air heated during the compression stroke. 

b. History . The diesel engine bears the name of Dr. Rudolph Diesel, a German 
engineer. * He is credited with constructing, in 1897, the first successful diesel engine 
using liquid fuel. His objective was an engine with greater fuel economy than the steam 
engine, which used only a small percentage of the energy contained in the coal burned 
under its boilers. Dr. Diesel originally planned to use pulverized coal as fuel, but his 
first experimental engine in 1893 was a failure. After a second engine also failed, he 
changed his plan and used liquid fuel. The engine then proved successful. 

c. Applications . The diesel engine today can be used for almost as many pur- 
poses as can the gasoline engine. The early diesel engines were large and heavy compared 
to gasoline engines and were used chiefly for heavy duty stationary applications. Constant 
improvement through the years has brought them to the point that they can be used success- 
fully m trucks and buses. They are still relatively heavy and expensive (initial cost) when 
compared to their gasoline counterparts, but their high thermal efficiency makes th-m 
quite suitable for any heavy duty application, where, over a long period of time, they will 
pay for themselves many times over in fuel savings. One of the most recent applications 
has been m the field of armored combat vehicles, with the introduction of the M60 tank, 
which IS powered by an air-cooled diesel engine. 

d. Diesel engine classifications . The major classification of American diesel 
engines is established by the speed at which the engine normally operates. The Society of 
American Engineers has set up a standard classification that is followed by all American 
manufacturers. This classification is as follows: 

(1) J^w speed - below 500 RPM (revolutions per mmute). 

(2) Medium speed - 500 to 1,000 RPM. 

(3) High speed - over 1,000 RPM. 
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e. General mechanical construction . The diesel engine is mechanically similar 
to the gasoline engine but is somewhat heavier in construction due to higher cylinder 
pressures. Both engine types utilize air, fuel, compression, and ignition. Intake, com- 
pression, power, and exhaust occur in the same sequence; arrangements of pistons, con- 
necting rods, and crankshafts are similar. Both are internal combustion engines; that is, 
they extract energy from a fuel-air mixture by burning the mixture inside the engine. 

£. Principles of the 4-stroke diesel cycle . 

(1) Fuel intake and ignition of fuel-air mixture. In principles of operation, 
the main differences between 4-stroke cycle gasoline and diesel engines (fig l)are the 
methods of introducing the fuel into the cylinder and of igniting the fuel-air mixture. Fuel 
and air are mixed together before they enter the cylinder of a gasoUne engine. The mixture 
IS compressed by the upstroke of the piston and is ignited within the cylinder by a spark plug. 
Air alone enters the cylinder of a diesel engine on the intake stroke. The air is compressed 
by the upstroke of the piston and the diesel fuel is injected into the combustion chamber 
near the top of the upstroke (compression stroke). The air becomes greatly heated during 
comoression and the diesel fuel ignites and burns as it is injected into the heated air. No 
spark plug is used m the diesel engine; ignition is by contact of the fuel with the heated air. 
although "glow plugs ' are used in some models of diesel engines to assist in staring. 
Pressure developed by the compression stroke is much greater in the diesel engin.^, in 
which pressures'as high as 500 pounds per square inch (PSI) are common. For each pound 
of pressure exerted on the air, there will be a temperature increase of about 2° F. At the 
top of the compression stroke (when pressure is highest), the temperature in the chamber 
will be about 1, 000° F. This heat ignites the fuel almost as soon as it is injected into the 
cylinder, and the piston, actuated by the expansion of the burning gases, then moves down 
on the power stroke. In a gasoUne engine, the heat from compression is not enough to 
ignite the fuel-air mixture so a spark plug is necessary. 

(2) Control of speed and power . The speed and the power output of diesel 
engines are controlled by the quantity of fuel injected into the cylinder. This is opposed to 
the common gasoUne engine that controls speed and power output by limiting the amount of 
air admitted to the carburetor. The difference is that the diesel engine controls the quantity 
of fuel, whereas the gasoUne engine regulates the quantity of air. In the diesel engine, a 
varv-ing amount of fuel is mixed with a constant amount of compressed air inside the 
cyUnder A full charge of air enters the cyUnder on each intake stroke. Because the 
quantity of air is constant and the amount of fuel injected is below the maximum established 
by the manufacturer in designing the engine, there is always enough air in the cylinder for 
complete combustion. A device in the carburetor of the gasoline engine controls the amount 
of air admitted. The amount of air and its velocity, in turn, control the quantity ox fuel 
that is Picked up and mixed with air to be admitted to the cylinder. The amount of mixture 
available for combustion determines power output and speed. The controlling factor in the 
speed and power output of a gasoUne engine is the amount and velocity of air passing through 
the carburetor. 

(3) Combu-.tion process. In the diesel engine, there is continuous combustion 
during the entire length of the power stroke, and pressure resulting from combustion re- 
mains approximately constant throughout the stroke. In the gasoUne engine, however, com- 
bustion is completed while the piston is at the upper part of its travel. This mean, that the 
volume of the mixture stays about the same during most of the combustion process. \Vhen 
the piston does move down and the volume increases, there is Uttle additional combustion 

to maintain pressure. Because of these facts, the cycle of the gasoUne engine is often 
referred to as having constant volume combustion while the diesel cycle is said to have 
constant pressure combustion. 
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Figure 1. Comparison of sequence of events in diesel and gasoline engines. 
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g. Principles of the 2-stroke diesel cycle. 

(1) Operating principles . The 2-stroke diesel cycle differs from the 4-stroke 
cycle in that one power stroke occurs for each revolution of the crankshaft, as shown in 
figure 2. Intake, compression, injection, power, and exhaust still take place, but they are 
completed in just two strokes on the piston (one revolution of the crankshaft). Also, in 
many engines there are no intake or exhaust valves. Instead there are intake and exhaust 
ports which are cut into the cylinder wall. These ports are covered and uncovered by the 
piston at the proper times to provide for the intake of air and the exhausting of the products 
of combustion. Some engines have intake ports in the cylinder wall, but have exhaust valves 
in the top of the combustion chamber. One of the main advantages of using ports rather 
than valves is that there are fewer moving parts in the engine, and thus fewer maintenance 
problems. Since the time for intake and exhaust is Umited in the 2-stroke diesel cycle 
engine, aar is usually supplied under pressure by a blower. Because the products of com- 
bustion are usually being exhausted when the intake ports are uncovered, the incoming air 
helps push these exhaust gases out of the cylinder. This effect is called scavenging, and 
the airflow during scavenging in a typical 2-stroke cycle diesel engine can be seen in the 
upper left of figure 2, Another advantage of scavenging is that, since the blower supplies 
air to the cylinders under pressure, more air can enter the cylinders than would be able 
to enter if the pressure were atmospheric. Thus, there is more oxygen available for the 
combustion of the diesel fuel. 
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Figure 2. Schematic diagrams depicting the 2-stroke diesel engine. 
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(2) Applications . The 2-stroke cycle is used for both spark ignition and com- 
pression Ignition enginv However, its use for the spark ignition **ngine is normally 
resjtricted to those of low power output, such as power lawnmowers, portable air com- 
pressors, and portable mcirine engines. The ?-stroke gasoline engine is rather inefficient 
because some of the incoming charge, which includes fuel, may be los: to the atmosphere 
through the exhaust ports in order to obtain high power output per unit displacement. The 
diesei engine made the 2-stroke cycle practical. It will be recalled that the in:ake charge 
of the diesei engine consists only of air. Therefore, no potential chemical energy is lost 
should some of the charge be expelled to the atmosphere through the exhaust ports. In fact, 
such a condition will assure more complete scavenging of exhaust gases and, hence, a 
maximum amount of air is available in the combustion chamber to burn the incoming fuel. 

h. Comparison of the 2-stroke and 4-stroke diesei cycles . Since the 2-stroke 
cycle has one power stroke per crankshaft revolution while the 4-stroke cycle produces one 
power stroke per two revolutions, it should first appear as though the 2-stroke cycle engine 
would be capable of delivering twice as much power as a 4-stroke cycle engine of the same 
piston displacement. However, there are many practical considerations which limit the 
power of a 2-stroke cycle engine to less than twice as much as the output of a comparable 
4-stroke cycle engine. Due to the factors discussed in the next two paragraphs, it will be 
seen that both the 4-stroke cycle and the 2-stroke cycle diesei engines have their advantag*5s 
and disadvantages. 

(1) Characteristics affecting power output . To allow for reasonable scavenging 
of the exhaust gases from the cylinder of a 2-stroke engine, the exhaust valves or ports must 
open earlier than in a 4-stroke cycle engine. Thus, the effective power stroke in a 2-stroke 
cycle engine is shorter than in a 4-stroke cycle engine with the same total piston travel. 

In addition, the incoming air must help scavenge the exhaust gases in a 2-stroke cycle engine 
and, thus, less air is actually available for combustion purposes than in a 4-stroke cycle 
engine with the same pi sto** displacement. This is compensated for, to a certain extent, by 
the fact that most 2-stroke cycle diesei engines use a blower that forces air into the cylinder 
under pressure. The pover required to drive the blower on a 2-stroke cycle engine nnust be 
furnished by the engine itself, and this, of course, decreases the power output. 

(2) H-^at dissipation characteristics. An important factor to consider when 
evaluating the rp.iative merits of the 2-stroke and 4-stroke diesei cycles is heat dissipation 
characteristic?.. In a 4-stroke cycle engine, there is more opportunity for the dissipation 
of heat from valves, pistons, and other critical engine parts, since a power stroke occurs 
on every othe: revolution; whereas, in the 2-stroke cycle engine, a power stroke occurs 
on every revolution of the crankshaft. In view of this, 4-stroke cycle engines can operate 
without experiencing as much overheating or valve damage. This can be somewhat compen- 
sated for in 2-stroke cycle engines through proper cooling system design. 

1, Diesel fuels . The fuels used in modern high-speed internal combustion diesei 
engines are product of the petroleum refiaing process. They are heavier than gasoline 
because they are obtained from the leftovers, or residue, of the crude oil after the more 
volatile fuels, such as gasoline and kerosene, have been removed. The large, slow running 
diesei engines used in stationary or marine installations will burn almost any grade of heavy 
fuel oil, but the high-speed diesei engines used in automotive installations require a fuel 
almost as light as kerosene. Although the diesei fuel is different from gasoline, its speci- 
rication requirements are just as exacting as those of gasoline. Of the various properties 
to be considered in selecting a fuel for diesei engines, the most important are cleanliness, 
viscosity, and ignition quality. 
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(1) Cleanliness . Probably th^ most necessary property of a diesel fuel is 
cleanliness. The fuel should not contain more than a trace of foreign substance; otherv/ise, 
fuel pump and injector difficulties will occur. Diesel fuel, because it is heavier and more 
MJ5COU5 than gasohne, will hold dirt in suspension for longer periods of time. Therefore, 
every precaution must be taken to keep dirt out of the fuel system or to eliminate it before 
it reaches the pumps. Water is more objectionable in diesel fuels than it is in gasoline 
oecause it will cause ragged operation and corrode the fuel system. The least amount of 
corrosion of the accurately machined surfaces in the injection equipment will cause it to 
become inoperative. Careful filtration is especially necessary to keep diesel engines 
efficient. Diesel fuels are more viscous than gasoline. They contain more gums and more 
abrasive particles, which may cause premature wear of the injection equipment. The 
abrasives may consist of material difficult to eliminate during the process of refining, or 
they may enter the fuel tank through careless refueling. Whatever the source, it is impera- 
tive chat means be provided to protect the system from these abrasives. Most diesel engine 
designs mciude at least two filters in the fuel supply systems to protect the closely fitted 
parts m the pumps and nozzles. The primary (coarser) filter is usually located between 
the sappl\ tank and the fuel supply pump. The secondary (finer) filter is found between the 
fuel bupply pump and the injection pump. Additional filtering elements are frequently 
installed between the injection pump and the nozzle. Diesel fuel oil filters are referred to 
as fulUiiow tilters, since all fuel must pass through the filters before reaching the injector 
pumps. Filters must be inspected regularly and cleaned or replaced if maximum efficiency 
13 to be maintained. There are two types of fuel filters commonly used in the fuel supply 
systems of diesel engines— the metal-disk-type and the cloth-bag -type. A diesel oil filter 
usually incorporates an air vent or air bleed to release any air that might accumulate in the 
filter curing operation. 

(a) All metal-disk-type filters have a cleanable element. These filters 
are used as primary filters because the fine particles that may pass through them are not 
injurious to the supply pump, as they would be to the injection pump. After removing the 
shell, which acts as a settling chamber, the strainer assembly can be removed and cleaned 
with a suitable liquid cleaning solution. Compressed air should not be used on the strainer 
assembly disks. Some fuel filters incorporate a cleaning knife. Solids larger than 0. 005 
inch remain on the outside ot the element, and the cleaning knife serves to scrape the 
deposits off the filtering disks. The solids fall to the bottom of the housing where they can 
be removed through the drain plug hole, A ball relief valve in the filter cover enables the 
fuel oil to bypass the filter element if the disks become clogged. 

(b) The cloth-bag-type (fabric) filters, because of their greater filtering 
qualitieb, pre used principally as main filters for protecting the fuel injection pump. Many 
ot the filters m use are similar to the lubricating oil filter. In this type filter, the element 
la not cleanable and must be replaced. The filtering medium is a large bag of close, evenly 
aoven, lintiess, acid-resisting textile material. Maximum benefit is derived from the bag's 
targe area by kt epmg the sides of the bag separated by a wire -screen mat. The screen is 
tne sar.ie size as the bag, and the two are detachably fastened to a central fctding spool and 
wound around it. Layers of bag and screen are thus alternated through the winding, and the 
entire surface of the bag is available for filtering purposes. The fuel to be filtered flows 
:rom the filter iniet ar the top, through the spool, and out the ports to the inside of the bag. 
The dirt, solids, abrasives, carbon, etc. , are caught in tne bag, and the clean fuel passes 
:»utward and to the filter outlet. 
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(2) Viscosity and pour point . The viscosity and pour point of a fuel indicate 
Hd fluidit>. Viscosity IS the term used to indicate the internal friction or resistance to flow 
ot d iiqviid. It IS measured in seconds, the time required for a measured quantity of liquid 
fuel at 100® F to pass through a calibrated hole in a viscometer. The lowest temperature 

o-t which fuel oil will just flow (under controlled test conditions) is called the pour point. 
It indicates the suitability of the fuel for cold weather engine operation, since the fuel must 
remain fluid m order to be handled by the fuel system. Unless arrangements are made for 
iieating, the fuel must not be more viscous than 550 seconds at the lowest operating tempera- 
ture, or It will not flow through?he fuel system. While m£Lximum viscosity is limited by 
handling considerations, minimum viscosity is also limited by injection system requirements. 
The fuel must have sufficient body to lubricate the closely fitted pump and nozzle plungers 
properly. In order to do this and to prevent wear, scoring, and sticking, the fuel should 
.^ave a viscosity greater than 35 seconds at 100® F. The fuel must also be viscous enough 
to prevent leakage at the pump plungers and "dribbling" at the injection nozzle. Leakage 
occurs when the fuel viscosity is less than 34 or 38 seconds at 100® F depending upon the 
t>-pe, temperature, and pressure of the injection system. Fuel shipped from a refinery is 
usually free from water and sediment. Diesel fuel, being more viscous than gasoline, will 
hold dirt in suspension longer. As it is transferred from tank to tank from the refinery to 
the engine, it will sometimes pick up sufficient water and sediment to corrode the fuel pump 
parts or injection system parts. To prevent this, care must be exercised in handling fuel, 
and line fuel strainers must be adequate to remove any water or sediment which has found 
its way into the fuel. The filters, therefore, must be checked frequently. A fuel's viscosity 
also determines the size of the fuel-spray droplets which, in turn, governs the atomization 
and penetration qualities of the spray. 

(3) Ignition quality . 

(a) The ignition quadty of a diesel fuel is its ability to ignite spontaneously 
(without mechanical assistance, such as a spark) under the conditions existing in the engine 
cylinder. The spontaneous ignition point of a fuel is a function of temperature, pressure, 
and time. A fuel with a good ignition quality (one that will ignite at low temperatures) is 
most desirable for diesel engines f o / several reasons. Smoking, knocking, and ease of 
starting are somewhat dependent on the ignition quality of the fuel. An engine will start if, 
after compression, the temperature m the engine cylinder is above the ignition tempera- 
ture oi the fuel. Compression temperature is related to outside air temperature, so, the 
lower the ignition temperature of the fuel, the lower the possible atmospheric temperature 

at which the engine will start. If the ignition temperature of a fuel is too high, the engine 
will smoke— particularly at light loads when engine temperatures are low, Diesel fuels 
(like gasoline) are composed of fractions or parts, each having different characteristics; 
some are light and volatile and others heavy and less volatile. The lighter parts will ignite 
at a lower temperature, while the heavier parts require a higher temperature to ignite. 
The Ignition quality of diesel fuels is indicated by cetane numbers, just as octane numbers 
are used to indicate the antiknock quality of gasoline. The ignition quality of a diesel fuel 
i.s determined by comparing it wifch a standard reference fuel, according to the cetane 
number scale. To obtain the cetane number of a fuel, a special test engine is used. This 
engine, operating under controlled conditions and using a mixture of cetane that has good 
ignition qualities and alpha-methyl-naphthalene that has poor ignition qualities, is used to 
es*abiish a standard of measurement. 

(b) TJie cetane number of a fuel is the percentage of cetane that must be 
mixed ith alpha-methyl-naphthaiene in order to duplicate the ignition quality of the diesel 
luei being tested. Thus, if a fuel has the same ignition quality as a reference fuel composed 
^J^ oO parts cetane and 40 parts aipha-methyl-naphthalene, the fuel has a cetane number of 60. 
The Ignition quality most suited for any particular engine is best determined by trial, or 

tne engine manufacturer might recommend the fuel most suited for his particular engine. 
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At present, most diesel engines require fuels within the range of 30 to 60 cetane numbers. 
Very little demand exists for fuels outside of this range. The recommendation of a fuel 
most suited for a particular engine requires consideration of more than one (good ignition 
quality) factor for good engine operation, such as load, engine speed, time and atmospheric 
temperature. The lower the atmospheric temperature, the lower the temperature will be 
xn -the. engine combustion-chamber.^- -In^extreme cold .areas^^om.e-.ty.pe_ o£L special aid must be 
employed to get the engine started. This aid may be either the application of heat to the 
inlet manifolds or jackets to heat the air entering the engine cylinders, or the use of elec- 
trically heated glow-piugs which will raise the air temperature locally in the engine for 
starting only, or the use of an ether or other cartridge which provides a mixture ignitible 
at well below normal temperatures. The time factor could be incorrect due to combustion 
chamber design, speed of injection, plus other factors which will be noted later. A fuel 
having good ignition qualities will ignite and start to burn at the very beginning of injection 
and befor*» all the fuel hits the air. It will continue to burn progressively as it is injected 
into the cylinder. Thus, this condition must exist to obtain maximum power and smooth 
engine operation and avoid detonation. Mainly, this is accomplished by combustion chamber, 
injection nozzle, and injection pump design. 

(4) Knocking. It has been observed that compression ignition engines knock, 
particularly at light loads. This knock is believed to be due to the rapid burning of the 
charge of fuel accumulated during the delay period between the time of injection and ignition. 
When the fuel is injected, it must first vaporize, then superheat until it reaches the 
spontaneous -ignition temperature under the proper conditions to start combustion. Time is 
required for sufficient fuel molecules to go through this cycle to permit ignition. This time 
IS called ignition lag or ignition delay. During this same time, other portions of the fuel 
are being injected and are going through the same phases, but behind the ignition portion. 
As the flame spreads from the point of ignition, appreciable portions of the charge reach 
their spontaneous ignition temperatures at practically the same instant. This rapid burning 
causes a very rapid increase in pressure, which is accompanied by a distinct and audible 
knock. Increasing the compression ratio v ill decrease the ignition lag and r.iereby decrease 
the tendency o knock; whereas, increasing the compression ratio in a gasoline engine 
(spark Ignition) leads to preignition and tends to make detonation worse. Knocking in the 
diesel engine (compression ignition) is affected by a large number of factors besides com- 
:5ression ratio, however. The type of combustion chamber, airflow within the chamber, 
the type of nozzle, the injection pressure conditions, the fuel temperature, and the air 
temperature are all factors, as are the characteristics of the fuel itself. For these reasons, 
more can be done in the design of a diesel engine to make it operate smoothly without detona- 
tion, than can be done with the gasoline engine. 

J, Types of combustion chamber. The fuel injected into the combustion space of 
a diesel engine must be thoroughly mixed with the compressed air and distributed as evenly 
as possible throughout the chamber. None of the liquid fuel should strike the chamber walls. 
It IS essential th^- the shape of the combustion chamber and the characteristics of the 
injected fuel spray be closely related. There are many types of combustion chambers in 
use today, but they are ail designed to produce one effect— to bring sufficient air irto con- 
tact with the mjected fuel to provide complete combustion at a constant rate. All modern 
combustion chamber designs may be classified under one of the following headings: open, 
precombustion, turbulence, or divided chambers. Designs which fall under two or more 
headings will be covered under the heading which is the most applicable. 
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(1) Open chamber . The open channber (fig 3) is the sinnplest form of 
chamber. The f» d i3 injected directly into the combustion space at the top of the cylinder. 
The combustion space, formed by the top of the piston and the cylinder head, is shaped to 
provide a swirling action of the air as the piston comes up on the compression stroke. 
There are no special cells, pockets, or passages to aid the mixing of fuel and air. This 
type of chamber requires higher injection pressures and a greater degree of fuel atomiza- 
tion than is required by the other types to obtain the same degree of mixing. The open 
chamber design is used in the 2 -stroke -cycle diesel engines found in several types of Army 
vehicles. 

(2) Precombustion chamber. The precombustion chamber (fig 4) is an 
auxiliary chamber at the top of the cylinder. It is connected to the clearance volume above 
the piston through a restricted throat or passage. The precombustion chamber conditions 
the tuei for final combustion in the cylinder and distributes the fuel throughout the air in the 
cyhnaer in such a way that complete, clean burning of all the fuel is assured. On the com- 
pression stroke of the engine, air is forced into the precombustion chamber and, since the 
air IS compressed, it becomes hot. At the beginning of injection this small chamber con- 
tains a definite volume of air. Combustion of the fuel actually starts in the precombustion 
chamber, since the fuel is injected into the chamber. Only a small part of the fuel is burned 
m this chamber because there is only a limited amount of oxygen present with which it can 
unite. The small predetermined amount that burns creates heat that, in turn, creates high 
pressure within the precombustion chamber; as injection continues, this high pressure 
forces the fuel at great velocity into the cylinder. There is ample oxygen present in the 
cylinder to burn all the fuel completely, regardless of the speed or load under which the 
engine is operating. Fuel injection pressures need not be as high with this type of chamber 
as in the open-type. A coarser spray is satisfactory because the function of the chamber is 
to vaporize the fuel further before it enters the cylinder. 





Figure 4. Diesel engine precombustion chamber. 



Figure 3. Diesel encme open combustion chamber. • ^ J /\ ft 

^ Cy U OS 403, 5-Pll 



8j 



(3) Turbulence chamber . The turbulence chamber (fig 5) is similar in 
appearance to the precombustion chamber, but its function is different. There is very little 
clearance between the top of the piston and the head, so that a high percentage of the air 
between the piston and the cylinder head is forced into the turbulence chamber during the 
compression stroke. The chamber is usually spherical, and the opening through v,hich the 
air must pass becomes smaller as the piston reaches the top of the stroke, thereby 
increasing the velocity of the air in the chamber. This turbulence speed is approximately 
50 times crankshaft speed. The fuel injection is timed to occur when the turbulence in the 
chamber is the greatest. This insures a thorough mixing of the fuel and the air, with the 
result that the greater part of combustion takes place in the turbulence chamber itself. 
The pressure created by the expansion of the burning gases is the force that drives the 
piston downward on the power stroke. 




jTUXlUlENCE 
iCHAMftEX 



Figure 5. Diesel engine turbulence chamber. 

(4) Divided chamber . 

(a) The divided chamber (fig 6), or combination precombustion chamber 
and turbulence chamber, probably is better known by the trade name, Lanova combustion 
chamber. Like the open chamber combustion system, the combustion is controlled. Like 
the turbulence -chamber -type, the Lanova system depends on a high degree of turbulence 
to promote thorough mixing and distribution of the fuel and air, but, unlike it, this entails 
no increase in pumping losses. Ninety percent of the combustion chamber is directly in 
the path of the in-and-out movement of the valves. The turbulence in the Lanova system 
is dependent upon the thermal expansion and not on engine speed, as are the other systems. 
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Figure 6. Lanova divided chamber - fuel combustion* 

(b) Primarily, the Lanova system involves the combination of the figure - 
8-ihapcd combustion charriber, situated centrally over the piston, and a small air chamber, 
known as the energy cell, In its latest development, this energy cell is comprised of two 
separate chambers— an inner and an outer, The inner chamber, which is the smaller of 
the two, opens into the narrow throat between the two lobes of the main combustion chamber 
through a funnel-shaped venturi passage. The larger outer chamber communicates with 
the inner one through a second venturi. Directly opposite the energy cell is the injection 
nozzle, 

(c) During the compression stroke, about 10 percent of the total com- 
pressed volume passes into the energy cell, the remainder staying in the figure-8 -shaped 
combustion chamber. The fuel is injected in the form of a pencil stream that passes 
directly across the narrow throat of the combustion chamber, most of it penetrating into 
the energy cell, A small portion of the boundary layer follows the curvature of the crmbus- 
tion chamber lobes and swirls into vortexes within them. The fuel entering the energy cell 
is trapped, for the most part, in the small outer cell, but a small part passes into the large 
outer cell where it meets a sufficient quantity of superheated air to explode violently, This 
explosion produces an extremely rapid rise in pressure v/ithin the steel energy cell, which 
blows :.he main body of the fuel lying in the inner cell back into the main combustion 
chamber, where it meets the main body of air. Here, owing to the shape of the chamber, 

It swirls around at an exceedingly high rate of turbulence, burning continuously as it leaves 
the energy cell. Owing to the restriction of the two Venturis connecting the energy cells, 
the blowback of fuel into the combustion chamber is controlled so that this operation con- 
sumes an appreciable period of time, producing a prolonged and smooth combustion in 
which the rate of pressure rise on the piston is gradual. 
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k. Fuel injection principlet . 

(1) Method a . There are two methods of injecting the fuel against the air 
pressure in the cylinder of a diesel engine— air injection, where a blast of air from an 
external source forces a measured amount of fuel into the cylinder; and solid injection, 
where the fuel is forced into the cylinder by a direct pressure on the fuel itself. The 
discussion which follows will be limited to those systems utilizing solid injection, because 
the air injection system has been proved impractical for automotive installations. 

(2) Fuel atomization and penetration. The fuel spray entering the combustion 
chamber must conform to the shape of the chamber so that the fuel particles will be well 
distributed and thoroughly mixed with the air. The shape of the spray is determined by the 
degree of atomization and penetration produced by the orifice through which the fuel enters 
the chamber, Atomization is the term used to denote the size of the drops into which the 
fuel is broken; whereas, penetration is the distance from the orifice which an oil drop 
attains at a given phase in the injection period. Roughly speaking, the penetration of a 
spray depends on the length of the nozzle orifice, the diameter of the orifice outlet, the 
viscosity of the fuel, and the pressure on the fuel. Penetration increases with the 
increasing ratio of the length of the orifice to its diameter; atomization, however, is 
increased by decreasing the ratio of the length of an orifice to its diameter. Since pene- 
tration and atomization are mutually opposed to each other, a compromise is necessary 

if uniform fuel distribution is to be obtained. The amount of pressure required for efficient 
injection is dependent on the pressure of the air in the combustion chamber, the size of the 
orifice, the shape of the combustion chamber, and the amount of turbulence produced in the 
combustion space, 

(3) Function of injection s:ystem. The function of each system is to meter the 
fuel accurately, deliver equal amounts of fuel to all cylinders at a pressure high enough to 
insure atomization, and control the start, rata, and duration of injection. 

Note. - Answer the questions below, 

71, Why does the military desire a multifuel engine for use in ground equipment? 

a. To reduce maintenance problems 

b. To help overcome logistical fuel problems 

c. To develop more horsepower per pound of engine 

72, To comply with Army requirements, what is the maximum weight allowed, in pounds, 
per horsepower in a multifuel engine? 

a, 6 

b, 10 

c, 12 

73, What characteristic eliminated the gasoline engine during the selection of a multifuel 
test engine? 

a. Excessive maintenance costs 

b. Poor fuel economy 

c. High manufacturing cost 
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74. 



What type engine may be classified as a true multifuel engine? 



a. Diesel, supercharged 

b. Internal combustion, magneto ignition 

c. Gas turbine, regenerative 

75. What statement, pertaining to a comparison of the 2-8troke- and 4-stroke-'CycIe diesel 
engines, is true? 

a. Power stroke of the 2-stroke-cycle engine is longer 

b. Less air is available to the 4-8troke-cycle engine during intake 

c. Power stroke of the 4-stroke-cycle engine is longer 

4. REASONS FOR SELECTING THE DIESEL ENGINE FOR CONVERSION TO A 
MULTIFUEL ENGINE. 

a. First, there are intake and exhaust valves on each engine. The diesel engine 
uses an injector pump and/or a nozzle instead of a carburetor and does not employ spark 
plugs. Ignition in diesel engines is attained by compressing the air in the cylinder to a point 
where its temperature is greater than the self -ignition temperature of the fuel and, then, 
injecting fuel into the high tempsrature air where it ignites and burns. The expansion as a 
result of the burning fuel-air mixture produces the energy required to accomplish work. 

It 18 an established principle that as the compression ratio of an engine is raised ''he 
efficiency increases accordingly. This means that more power can be obtained from the 
same amount of fueL The economy of a diesel engine in comparison to an electrical igni- 
tion engine is well estabUshed. Experiments also proved that diesel engines would operate 
on such fuels as kerosene and JP-4. 

b. Selection of the diesel engine for application to the multifuel principle still 
left certain un-solved problems. 

(1) Should the engine be air-cooled or liquid-cooled? 

(2) Should open chamber or auxiliary chamber be used? 

(3) Should 2-cycle or 4-cycle principle be used? 

(4) How should control of combustion be maintained? 

(5) How could fuel system efficiency be maintained? 

5. MULTIFUEL ENGINE. The engine. adopted by the U. S. Army was developed by 
Continental Motors. 

a. The engine manufacturers adopted the MAN '^Controlled Evaporation" principle. 
This combusaon process was developed by Dr. Meurer of Germany, as a result of the 
Doctor's study of the reaction of kinetics involved in the diesel combustion process. 
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(1) This combustion priciple, which Continental calls hypercycle, differs 
from that of most other systems where the fuel is sprayed directly irto the air in the com- 
bustion chamber. In this system, fuel is sprayed on the walls of the spherical combustion 
chamber in the direction of the air swirl (fig 7)- Through the use of a special intake pon 
the induction air is given a swirling motion, which persists into the combustion chamber 
and continues to supply oxygen to the slowly evaporating fuel- A small portion of the fuel 
about 5 percent, breaks away from the jet before it hits the surface- This 5 percent goes 
through the normal ignition lag and combustion just as in a diesel engine- The remainder 
of the fuel, lying on the relatively cool piston and moving with the air, evaporates at a 
slower rate. It forms a combustible mixture whose composition has a higher self-ignition 
temperature than those mixtures formed by the same fuels when subjected to rapid evapora- 
tion in the presence of excess oxygen, as occurs in the normal diesel - 




FUEL DEPOSITED ON WALLS OF THE SPHERICAL COMBUSTION 
CHAiMBER INSTEAD OF SPRAYED INTO AIR SPACE 

Figure 7- Start of injection- 

er|c 'J-i 
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(2) Since this mixture has a higher self-ignition temperature, it will not auto- 
Ignite, but must be ignited by the imtial 5 percent of the fuel which is burning. Only the 
portion that is vaporized at any interval will burn. This quantity of fuel is never large 
enough to produce sudden high pressure rises. 

(3) The burning of the fuel as evaporation takes place prevents accumulation 
of large amounts of vaporized fuel so that knocking does not occur when burning gasoline. 

(4) Since the ability of any diesel engine to ignite fuel is dependent upon the 
compression temperature, it is important that certain minimum operating temperatures 
are maintained during light load and idle conditions, especially for arctic operation. For 
this reason a water -jacketed intake manifold maintained at a minimum of 150*^ F, by the 
water temperature thermostat, is used to increase induction-air temperatures in cold 
climates. 

(5) Starting ability without outside aids in temperatures of -25° F is an esscr.- 
tial requirement of military vehicles^ therefore, an intake manifold flame heater is a 
standard item on this engine. Fuel, which is sprayed into the intake manifold by a special 
nozzle and ignited by a spark plug, burns a small portion of the oxygen in the induction 
system while the engine is being cranked. Induction air temperatures of approximately 
300° F are obtained during cranking with the flame heater operating, allowing successful 
starts down to temperatures of 40 degrees below zero. 

b. The multifuel engine, LDS-465-1 (fig 8 and 9) is a four-cycle, 6-cylinder 
in-line, water-cooled, cast-iron block, compression-ignition engine^of conventional design, 
except for t.hose features pertaining to the combustion system. Special consideration has 
been given to permit th^ use of a high compression ratio which, in this case, is 22:1, 
thereby developing firing pressures in the 2,000 PSI range, 

(1) Such components as crankshaft, crankcase, and connecting rods are 
designed for firing pressures in the 2, 000 PSI range. The crankshaft is especially rigid 
for good bearing conditions and reduced torsional vibration, which normally results fronr 
such high peak firing pressures, 

(2) The crankcase (cylinder block) is a conventional 6-cylinder design made 
of ca*t iron, incorporating dry, cast-iron cylinder liners for ease of maintenance. 

(3) The main bearing caps are provided with maximum support by recessing 
them into transverse webs, which are cast integrally with the crankcase. 

(4) The overhead valves are operated by push rods from a gear driven cam- 
shaft. The helical gear train, located at the fan end of the engine, also drives the oil pump 
and fuel injection pump, 

(5) The generator coolant pump and air compressor are belt driven from the 
fan end of the crankshaft, 

(6) The hardened steel crankshaft is carried in 7 replaceable copper-lead 
alloy main bearings. 
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Figure 8. LDS-465-1 multifuel engine assembly. 

(7) The tin-plated aluminum alloy forged pistons are cam ground to provide 
an accurate fit in the cylinder bore at operating temperatures. Each piston is fitted with 
3 compression rings and 1 oil control ring. The success of the hypercycle process depends 
CO a large degree on maintaining proper piston temperatures. In order to accomplish this, 
a separate gallery directs oil from the engine's oil reservoir to the underside of the pisto 
by means of suitable jets. These jets' spray oil under the piston heads and spherical com- 
bustion chambers to keep them relatively cool. 
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Figure 9. Engine gear train. 

(8) The h^oercycle combustion system requires nothing special in the way of 
a fuel injection system. 

(a) The fuel system on this engine allows the engine to operate on various 
tvoes and grades of fuel without adjusting the fuel injector pump. The fuel injector pump 
irembly fs dr'en by the fuel injector pump driven gear, which meshes with the camshaft 

; " 5. single.pJnger distributor type pump is used to supply P^-^ J 
■dividual fuel injector nozzle and holder assembly in the firing order sequence. The fuel 
n^rtorpui^^^^^ unit automatically provides a gradual 80 advance of fuel injection 

tS oveTL en^ne speed range. A fuel density compensator on the pump automatically 
mSrc^^^^^ ^uel flow regardless of the type or mixtures of fuel being 

used in the engine. 

(b) The engine is moderately supercharged by an exhaust -driven turbo - 
chareer which forces air into a water-jacketed, runner -type induction marufold. The pur - 
^ose'of Ihr w^ter jacketing is to provide heating of the induction air durxng cold weather 
operation. 
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c. In conclusion we have seen that multifuel capability can be built into compres- 
sion ignition engines by taking, the necessary measures to maintain combustion control and 
fuel system efficiency with all usable fuels. Other design problems and Army requirements 
such as lubrication, heat rejection, component life, fuel economy, and operation in extreme 
temperatures are solved by conventional methods. The LDS-465 multifuel engine is now 
incorporated in the truck, 5-ton, 6x6, and is a standard item of issue, 

6, GAS TURBINE ENGINES. 

a. For the purpose of evaluating the adaptability of gas turbines to military 
vehicles and to determine the advantages and disadvantages of such installations, the Army 
has obtained a number of gas turbines to test in military vehicles, 

b. One of the major advantages of the gas turbine as opposed to the standard 
internal combustion engine is that its weight and bulk per unit of horsepower output is lower. 
Also, this engine can operate on a wide range of hydrocarbon fuel and maintain high torque 
at stall speeds. 

c. The first of these units that was procured for testing in an Army vehicle was 
the GMT-305 gas turbine engine. This turbine is commercially available and is a regenera- 
tive-type free turbine with a rating of 206 horsepower at 3, 350 revolutions per minute 
(output shaft speed) at an ambient temperature of 80^ F and 328 pound-feet of torque at the 
same speed. 

d. The engine principles described thus far in this subcourse pertain to recipro- 
cating engines. Reciprocating motion, as has been mentioned earlier, is an up-and-down 
or back-and -forth motion. The conventional gasoline and diesel engines use this recipro- 
cating motion of the piston to turn the crankshaft. This principle you already understand. 

(1) The principle of the turbine engine is somewhat different. In this engine 
the motion is rotary or circular with no up-and-down or back-and-forth motion required. 
In the reciprocating engine the up-and-down or back-and-forth motion is changed to rotary 
or circular motion through the crankshaft. In the turbine this circular motion is direct. 
Water and steam turbines have used this principle for a longtime. The gas turbine is 
comparatively new but is becoming increasingly important. 

(2) The gas turbine engine has no pistons or connecting rods. No water is 
required for its operation. In the turbine, fuel is burned in a chamber into which air has 
been pumped by an air compressor. The burning fuel and air create a high temperature, 
and the greatly expanded gases rush through the turbine. The whirlwind of the hot gases 
rushing through the turbine produces power. This is similar to the wind turning a wind- 
mill. The turbine is a wheel with vanes or blades. Figure 10 shows a turbine wheel. 
The vanes are somewhat like the blades of an ordinary fan. The push of the hot gases 
against these vanes of the turbine causes the wheel to turn and power is produced^ The 
power produced may be in the form of direct power from a shaft through reduction ^ears 
that are turned by the turbine wheel. Figure 11 illustrates this type. Details of the com- 
pressor and turbine are not shown in the figure. 

(3) The power may also be in the form of compressed c-ir produced by the 
compressor. (The compressor itself is powered by the turbine. ) In this system some of 
the compressed air is necessary to support combustion, but the excess amounts may be 
used for power. 
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Figure 11. Schematic drawing o£ a gas- 
turbine ftngine. 



Figure 10. Turbine wheel. 

(4) Any gas turbine consists basically of an air compreaaor (or compressors), 
a combustion section, and a turbine (or turbines). The engine functions by taking in 
atmospheric air and compressing it. Fuel is burned in the compressed air (fig \2);^"<? 
the expand through a turbine wheel to drive the compressor. In some tu.-binfts, the 

pow!r obtained is entirely through the shaft turned by the turbinei in others, power is in 
the form of air. All air excessive to the needs of the compressor is ^ J" ^l.. • 

turboiet aircraft, the power is derived from the ejection of the gases in jet form. The 
g« turblnl for g;ound S-e can be designed to burn almost any soUd. liquid or gas contain- 
ing heat eneray, provided the gases of combustion do not corrode or place deposits on the 
t^Jw" partlf cL-turbine engines do not have the problem of fuel knock or gnltion timing. 
The main difficulty with combustion in the gas turbine is keeping the temperatures of the 
gasos which are deUvered to the 'urbine down to » point which the turbine can tolerate. 
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Figure /2, Gas-turbine combustion chtmb*r, 
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e. The GMT^305 gas turbine engine . 

(1) The GMT«305 gas turbine la air cooled and it can operate on gasoline, 
diosel fuel, or kerosene. This engine is 36 inches long, 31 inches wide, and 26 inches high. 
Its dry weight is about 650 pounds. The present rated specific fuel consumption at full load 
is 0. 57 pound of fuel burned per brake horsepower per hour. 

(2) An explanation of the way. in which the GMT-305 operates is best made by 
reference to the numerals shown in figure 13, which is a cutaway diagram of the GMT-305 
gaa turbine. 




Figure 13, Cutaway diagram of GMT-305 gas turbine, 

(a) No 1 - Atmospheric air enters the air inlet. 

(b) No 2 - The air is compressed by the axial-flow compressor to above 
three atmospheres of pressure, 

(c) No 3 - Rotating regenerators furnish heat to the compressed air as it 
passes through them, 

(d) No 4 - The heated, compressed air enters the combustors. 

(e) No 5 - Fuel is injected through nozzles into the combustors. 

(f) No 6 - Gases resulting from the combustion of the fuel and air pass 
through the turbine vanes, 

(g) No 7 - These gases first drive the "gasifier turbine, " which powers 
the air compressor (shown in item 2), 
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(h) No 8 - The gases then drive the power turbine (note that the gasifier 
turbine and the power turbine are not connected mechanically). 

(i) No 9 - The hot gas exhausted from the power turbine is cooled by the 
rotating regenerators (shown in item 3). 

(j) No 10 . Exhaust gas at 300° to 500° F is directed out of the exhaust 

ports, 

(k) No 11 - The power output shaft is driven from the power turbine 
through a single-stage reduction gear, 

(1) No 12 - The accessory drive shaft is driven by the gasifier turbine 
through a set of reduction gears, 

(3) Essentially, the gas turbine operates on the Joule cycle. This is the 
principle in which atmospheric air is compressed adiabatically (occurring without gain or 
loss of heat; a change of properties, such as volume and pressure of the contents of an 
enclosure, without exchange of heat between the enclosure and its surroundings), the com- 
bustion process adds heat at constant gas pressure, and the gases are expanded adiabatically 
through the turbine blades. 

(a) The function of the regenerator is to recover heat from the turbine 
exhaust to improve efficiency, 

(b) The rotating regenerators of the GMT-305 engine reduce exhaust 
noise, so that no muffler is required, and they also cool the exhaust gas, 

(c) Neither radiator, fins, fans, nor plumbing are necessary for cooling 

the powerplant, 

(d) Because the power turbine is connected pneumatically and not 
mechanically to the gasifier turbine and the air compressor, the power turbine acts as a 
built-in torque converter and maximum torque occurs when the power turbine is stalled, 

(4) A GMT-305 gas turbine was installed in a modified, 90mm, full-tracked, 
self-propelled gun M56 and tested during the winter months at the U, S, Army Climatic 
Test Station, Fort Churchill, Canada. 

(a) During a total 1, 110 vehicle miles and 110 turbine hours, there were 
no major breakdowns, and 36 cold starting tests were successful. The formation of ice in 
the mel lines was avoided by adding a pint of alcohol to each 20 gallons of fuel, 

(b) These tests disclosed that a GMT-305 turbine equipped military 
vehicle would require unusually durable brakes to withstand continuous operation at various 
conditions of speed and torque, 

U This requirement is the result of inherent characteristics of the 
GMT-305 powerplant. Whereas, the acceleration or deceleration of the vehicle is controlled 
by changing the speed of the power turbine, the accelerator of the vehicle that regulates the 
rate of fuel flow to the combustors also controls the speed of the gasifier turbine* 

_2, Since the two turbines are only pneumatically connected, the speed 
of the output shaft of the pcv^er turbine is not regulated directly by the accelerator, and there 
is a consequent delay between movement of the accelerator and change in speed of the output 
shaft, 
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3. During the tests in extreme cold climate, it was found necessary 
to maintain the speed of the gasifier turbine at no less than 20,000 revolutions per minute 
for the best performance. Therefore, while applying the brakes to decelerate the vehicle. 
It was necessary to keep the accelerator depressed sufficiently to keep the gasifier turbine 
in the satisfactory range of performance of 20,000 revolutions per minute or more, 

(c) The principal characteristics of this engine are as follows: 



U Model - GMT-305, 

Z, Type - free turbine, gas, regenerative, 

3. Rated power - 206 hp @ 3, 350 RPM (output shaft RPM), 

4^, Rated torque - 328 Ib-ft @ 3, 350 RPM, 

5, Fuel requirement - gasoline (MIL-G-3050), compression-ignition 
(MIL-F-45121), diesel (VVF-800), or kerosene, 

6, Coolant - air. 



Note. - Answer the questions below, 

76. Who developed the controlled evaporation principle used with the multifuel engine? 



a. Joule 

b. Dr. Otto 

c. Dr. Meurer 

77. What is done in the hypercycle that differs from other injection system principles'' 

a. The fuel is sprayed into the center of the compressed air 

b. The fuel is injected into the manifold 

c. The fuel is sprayed onto the walls of the combustion chamber 

78. What is the function of the 5 percent of fuel that breaks away from the main charge 
during injection of the multifuel engine? 

a. To ignite the main charge 

b. To create a swirling motion to the intake air 

c. To speed up ignition lag 

79. What prevents the multifuel engine from knocking when burning low octane gasoline'' 

a. The mechanical ignition lag of 8° 

b. The controlled accumulation of the vaporized fuel 

c. The rapid condensation of the fuels 

80. After the engine is started, what is used to increase the induction air temperature of 
the multifuel engine in cold climate? 

a. Water jacketed intake manifold heater 

b. Exhaust manifold flame heater 

c. Intake manifold electric heater 
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81. What is the determining factor of any diesel engine as to its ability to ignite the 
injected fuel? 

a. The amount of fuel at injection 

b. The volume of air at injection 

c. The temperature of compressed air at injection 

82. What is the compression ratio of the multifuel LDS-427-2 engine? 

a. 10:1 

b. 1 5: 1 

c. 22: 1 

83. What components of the LDS-465-1 engine are designed to withstand high firing 
pressures? 

a. Crankshaft and connecting rods 

b. Cylinder block and camshaft 

c. Injector pump and camshaft 

84. The helical gear train, located at the fan end of the multifuel engine, drives the oil 
pump and the 

a. fuel injector pump. 

b. generator coolant pump. 

c. air compressor. 

85. How is the proper piston temperature maintained in the hypercycle process*? 

a. By the use of high pressure water jackets 

b. By oil sprayed on the underside of the pistons 

c. By oil sprayed on the outer piston walls 

86. What is an integral component of the injector pump assembly on the multifuel engine*? 

a. Heater solenoid .valve 

b. Secondary bypass line 

c. Fuel density compensator 

87. What IS an advantage of the gas turbine engine as opposed to the standard internal 
combustion engine? 

a. It requires less maintenance 

b. It is more reliable 

c* It can hold high torque at stall speeds 

88. What furnishes heat to the compressed air in the GMT-305 gas turbine engine 

a. Rotating regenerators 

b. Axial flow compressor 

c. Gasifier turbine 
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89. Into what portion of the GMT-305 gas turbine engine does the heated, compressed air 
enter? 

a* Regenerators ^ 
b» Gasifier turbine 
c« Combustors 

90* What cools the hot gas exhausted from the power turbine in the gas turbine engine? 

a. Axial flow compressor 

b. Rotating regenerators 
c« Gasifier turbine 
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SECTION L GENERAL 

l-L PURPOSE AND SCOPE. 

a. This text IS published for use in resident instruction conducted by the US Arm, 
Ordnance Center and School. It is intended to provide information on gasoline and diesel 
engine injection systems to supplement the technical manuals in the field. 

b. This text covers the principles of fuel injection and some types of injection 
systems. It describes the construction and operation of the Bosch, tne Sininionds, ana 
the Cummins fuel injection systems and provides a guide for their maintenance. 

1-2. REFERENCES. The references are listed in the appendix. 
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SECTION U* AIR- FUEL INDUCTION SYSTEMS 
2-1. INTRODUCTION. 

a* The process ot metering and atomizing liquid fuel for burning in an internal 
combustion engine has, for many years, been accomplished by the engine carburetor. 
Carburetors have gone through various stages of development in attempts to improve their 
function. In the process of improving the fuel induction system the carburetor has changeu 
:rom a relatively simple device to a complex mechanism. During recent developments to 
improve gasoline engine performance the inevitable has occurred - carburetors have been 
discarded m favor of an improved method of liquid fuei treatment for engine operation. 
This system is called fuel injection. It consists of a mechanical process of metering, 
timing, delivery, and atomization-of fuel. 

b. Application o: fuel injection to gasoline engines is not new, it dates back to 35 years 
ur more m some engine developments. Fuel injection began to appear in some gasoline air- 
craft engines as early as 1935. Diesel engines have utilized injection almost exclusively. 
The recent trend toward injected fuel systems will gain momentum and probably lead to 
elimination, to a great extent, of the carburetor in most gasoline engine applications. The 
rapiditv of acceptance of fuel injection is best exemplified by the fact that the US Army has 
accepted fuel injections as standard equipment for most of its tracked vehicles. 

2-2. AIR-FUEL INDUCTION SYSTEM REQUIREMENTS. 

a. General. The purpose of the air-fuel induction system is to prepare, control, 
transport, and distribute the air-fuel mixture to the engine cylinders for final combustion. 
Preparation of fuel consists of metering the fuel for correct fuel-air ratio, atomization of 
the tuel lo aid in mixing with air, and vaporization. Control is the process of varying the 
am.ount of air-fuel mixture that enters the engine cylinders. Transporting and distribution 
insure an adequate and equal (in quantity and quality) air-fuel mixture to each cylinder. 

b. Requirements for maximum power. 

(1) Various fuel and air ratios can be used in the gasoline internal combustion 
engine. A definite ratio is necessary to obtain maximum power, while a definite but 
different ratio is necessary for maximum fuel economy. 

(2) Let us direct our attention just to the power or torque output of the engine at 
constant speed. Here the engine will induct a constant amount of air, limited directly by the 
piston displacement. If the fuel flow is increased by allowing a greater amount of fuel to be 
introduced, the power will be increased because of the liberation of additional chemical 
energy. This increase of power with the increase in fuel will continue until a point is reached 
where all the available air is effectively used for combustion. (When speaking of carburetion 
and fuel injection, the use of the term "aix" denotes use of the oxygen in the air.) Since fuel 
flow can be regulated, but airflow is fixed by the design and displacement of the engine, it is 
the air supply and not the fuel that places a limit to the power output. Thus, in the ideal 
situation, maximum power is obtained .vhen ail the air in the cylinder is completely con- 
sumed. To achieve complete consumption of air, an excess of fuel, relative to the 
chemically correct mixture, must be used. This is due to several factors, the main ones 
being air and fuel are seldom perfectly mixed, fuel is never completely vaporized, and 
dilution of charge (fuel-air mixture) due to exhaust gas products. 

C. Requirements for maximum economy. To achieve maximum fuel economy, the 
release of chemical energy per unit must be at its maximum. This condition is realized 
when the fuel is completely burned; therefore, an excess of air must be supplied. The 
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air-fuel ratio will not depart far from the chemically correct mixture. Several factors act 
adversely to deter economy; some of these are incomplete mixing, atomization and vapori- 
zation, and, in some cases, inadequate air supply. 

d- Factors affecting both economy and power output. It becomes apparent that an 
adequate air supply is essential to maximum economy and maximum power for a particular 
engine design. Good atomization and vaporization resulting in a homogeneous mixture also 
contribute to both power output and fuel economy. 

2-3, CARBURETED AIR-FUEL INDUCTION SYSTEM. 

a. General. Carbureiors have been improved over the ye^.rs and will, with proper 
intake manifold designs, provide excellent results over a broad operating range. However, 
the penalties involved in manifold design, by carburetor use, have caused engineers to look 
to other devices for solutions. 

b. Carburetor manifold problems. 

(1) Carburetor operation depends on decreasing the air pressure at the fuel dis- 
charge nozzle so that the atmospheric pressure will force fuel into the intake 'rstream. 
This change in pressure is accomplished by the use of a venturi to reduce the cross section 
area of the manifold (fig 2-1). In addition, the manifold size must be kept small enough to 
maintain sufficient air intake velocity to preclude the possibility of fuel condensation and 
fallout during transit to the cylinders. The limitations placed on manifold size by the venturi 
and need for air velocity reduces the amount of air available for combustion. This reduction 
in air supply becomes critical at higher ergine speeds when time for scavenging and fiiiing 
the combustion chamber is further limited. Carburetor system manifolds then must be a 
compromise, an attempt to satisfy two requirements, small enough to retain air velocity 
and large enough to satisfy engine breathing requirements. 
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Figure 2-1. Typical carburetion system. 
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(2) The second problenj area is that of transporting and distributing fuel. In the 
carbureted system the manifold transports and distributes fuel. Fuel is delivered to the 
manifold intake air only partly vaporized. The remainder is m the form of globules or 
film on the manifold wall. This situation is aggravated in cold v/eather operation with a 
cold manifold. Long manifolds with resultant airflow drag provide further opportunity for 
gas condensation and fallout. Long manifolds are also partly responsible for poor acceler- 
ation response due to delay of fuel in passing through the manifold. Curved manifold sections 
also contribute heavily to loss of fuel vaporization since the heavier fuel carried by the air 
strikes the walls and condenses. These manifold faults not only vary the quantity of the air- 
fuel charge delivered to each cylinder, but also vary the quality. Whereas the manifold can 
do a good job of distributing vaporized fuel, fuel in the liquid state cannot be properly dis- 
tributed. The unequal distribution of fuel Among the cylinders causes erratic operation and 
loss Ox power, 

(3) To alleviate these manifold problems, hot spots are often used to heat the in- 
take manifold to induce vaporization of fuel. (Hot spots are usually in the form of ducts 
that direct hot exhaust gases around the intake manilold to increase the temperature of the 
manifold (fig 2-1),) When intake manifold hot spots are used, the mixture expands, thus 
reducing the volumetric efficiency of the engine with a corresponding loss of torque and 
power. Heating the mixture also tends to cause preflame reactions and knock. 

(4) In some cases, dual barrel carburetors or multiple carburetors have been em- 
ployed to satisfy the engine's demand for greater air-fuel supply during high engine speeds. 
This has not proved completely satisfactory due to synchronization problems and excessive 
cost. 

(5) Some characteristics of carbureted induction systems are particularly un- 
desirable for military application. Carburetor icing, for example, is objectionable. This 
occurs when fuel is delivered into the airstream, causing a temperature drop due to 
vaporization of fuel. In cold weather operation ice will then form on the venturi and throttle 
plate. The ice formation impedes the flow of air to the detriment of proper engine operation. 
Military vehicles must be able to operate over rough terrain. Carburetors are designed to 
operate in a fixed position; extreme variations in terrain will affect carburetor operation. 
Military vehicles operate in extreme temperature ranges. Carbureted engines require an 
excessive warmup time, which is expensive in terms of fuel waste. Presence of the air- 
fuel mixture in an intake manifold invites backfire, which is hazardous ai, well as un- 
desirable tactically. 
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SECTION m. SUPERCHARGER PRINCIPLES 

3-1. GENERAL. 



a. Supercharging, sin ply defined, is any assistance given to the ene;ine intake process 
through the use of supplementary fans, blowers, and compressors. The primary reason 

for supercharging is that it greatly increases the power output of an engine with very little 
consequent increase in weight. The supercharger accomplishes this feat by increasing the 
overall efficiency of the engine. The overall efficiency of an internal combustion engine is 
affected by many factors, and the one we are concerned with here is volumetric efficiency — 
efficiency that is increased by supercharging. Volumetric efficiency can best be defined 
as the ratio of weights of the air actually drawn into the engine over a definite period of 
time to the quantity that would be inducted in the same length of time if it were not for the 
many losses present in ~ny engine, such as leakages, friction losses, heat transfer losses, 
ecc» 

b. The term 'Volumecric efficiency" is slightly misleading when used in relation to 
internal combustion engines, since the efficiency is actually comprised of a ratio of weights 
and not \olumes. When the term is used in connection with pumps and compressors, 
however, the ratio is of volumes; this is how the term evolved. 

3-2. PRINCIPLES OF SUPERCHARGERS* 

a. Properties of gases and iheir relation to supercharging. 

(1) General. To '^derstand the principles of supercharging, a general knowledge 
:>i mass, \olume, and density, as applied to gases, is necessary. All matter can be 
classified into solids and fluids; and fluids may, in turn, be subdivided into liquids and 
biases. The v/eight of any substance is dependent upon its density, and the density of solids 
and liquids .may be considered tc be essentially constant. This is not the case with gases, 
huv/e\er, for the density of gases is proportional to the pressure applied. In other words. 
,vhen the oressure upon a ^as is increased, its density also will increase; therefore, two 
identical volumes of gas unaer different pressures will not weigh the same. For example, 
at sea level about 13 cubic feet of air weighs 1 pound, but at high altitudes, where the 
atmospheric pressure is lower, the same 13 cubic feet of air would weigh a good deal less. 

(2) Mass, weight, and volume* To the engineer, mass has a different meaning 
than weight; to the layman, in a general discussion such as this, the two may be considered 
to be the same. It is doubtful that there will be any confusion between weight and volume, 
'jXit tor the sake o: clarity the difference between them is pointed out. Volume refers to the 
sDace occupiea by matter, and weight refers to the force which a certain volume of matter 
would exert on a scale. From the last statement, it is obvious that the weight of any sub- 
stance iS directly proportional to its density and volume. The relationship between the 
properties discussed above will be explained in the following paragraphs* 

(3) Boyle's law. 

(a) Any gas may have its volume reduced bv applying pressure to it. This 
pneno.iienon is known as compression. Boyle's law correlates the effect of pressure and 
volume upon an ideal gas whose temperature is held constant. A simple statement of this 
law IS the volume of an ideal gcic is inversely proportional to the pressure upon it, if the 
temperature is maintained constant. 

Note. - An ideal gas is any gas that closely follows the relationship set up by Boyle. 

There is no actual ideal gas, but air ccnforms closely enough to the relationship 
mat it may be considered ideal. 
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(b) Boyle's law, defined in (3)(a) above, is illustrated in figure 3-1. In this 
example we show two piston and cylinder arrangements that are identical in all respects, 
except that piston B has 200 pounds applied and piston A has only 100 pounds applied. The 
weight of the gas in both cylinders is 1 pound. In cylinder A the gas is under a pressure 
of 10 FSI and the volume is 100 cubic inches. In cylinder B the pressure is 20 FSI and the 
volume is now under 50 cubic inches. In other words, we now see that when the pressure 
is doubled, the volume is halved. Another change that has taken place with the addition of 
more pressure in cylinder B is that the density of the gas has been ^doubled, or, stated in 
a different way, we now have a mixture that has twice as much weight for every unit ol 
volume. 



Pressure 
10 PSI 



/ 100 Ib^ 



Volume 
100 cu in 



Area of piston 
10 sq in 



Weight of gas 
10 lb 



iioo lb\ 



Pressure 
20 PSI 



Volume 
50 cu in 



Figure 3-1. Boyle's law. 

b. Air induction m unsupercharged engines (normally aspirated). Ihe power developed 
by a normally aspirated internal combustion engine is largely dependent upon the density of 
the air inducted into the engine. In a normally aspirated engine, the air is drawn into the 
cylinder on the intake stroke with a force acting upon the gas equal to the pressure difference 
between the atmosphere and the cylinder pressure. The cylinder pressure approaches that 

of a perfect vacuum, which is zero pressure, and atmospheric pressure is about 15 FSI. 
Therefore, the pressure forcing the air into the cylinder is about 15 FSI (15 FSI minus 
0 FSI = 15 FSI). Since the volume (displacement) of an engine is constant, we are limited 
in obtaining a high density air charge. The highest density we can obtain (during intake) is 
air at the same density as atmospheric air density. It was previously mentioned that the 
pressure acting upon the air is 15 FSI; this would be true if it were not for certain inherent 
losses prevalent in interna] combustion engines. A few of these losses are leakage past the 
piston, preventing us from creating a perfect vacuum; pressure drops across restrictions 
in the manifold: leakage in the valves; and the heating of the air as it enters the manifold, 
which tends to expand the gas and decrease its density. All of these losses add up to one 
thing: it is hard for our engine to breathe. This difficulty in breathing causes slow 
response when the accelerator is depressed and a reduction in torque output before maximum 
power output is obtained. As the engine speed is increased, the breathing of the engine be- 
comes increasingly difficult, since each cylinder has a much shorter time in which lo fill 
itself with fuel-air mixture. 

c. Air induction in supercharged engines* We previously explained the importance of 
volumetric efficiency to an internal combustion engine, and in the last paragraph we dis- 
cussed the problem of breathing. With these two discussions in mind, it is not difficult to 
see that we could increase the density of the air entering our engine if we could onlv in- 
crease the pressure forcing the air into the engine. Increasing the density of the a;r woula 
allow us to burn more fuel effectively and, therefore, increase our power output. This is 
precisely what is done in a supercharged engine. A supercharger is essentially a pump 
whose main function is to compress the air or air-fuel mixture in order to increase the 
density of the charge (fig 3-2), In summary then, a supercharger increases the power out- 
put in two ways: 



ERIC 




Figure 3-2, Supercharged engine. 

(1) It increases the density of the fuel-air mixture (charge) delivered to the 
cylinders of the engine. 

(2) It increases the maximum compression pressure. The compression ratio for 
any engine is constant; hence, the greater the pressure at the beginning of the compression 
sr^-oke" the oreater will be the pressure at the end of the stroke (ma.ximum compression 
pressure is reached at the end of the compression stroke). This higher compression 
pressure increases the power output of the engine because the burning temperature of the 
gases IS higher and. therefore, more energy is released per .«itroke of the engine. 

d. Horsepower to intake manifold pressure relationship (for supercharged engines 
only) The relationship between the intake manifold pressure and the power output for a 
oa't ^ular supercharoed engine is shown on the graph in figure 3-3. where the intake 
^a'n ot pressure i.lnches'or mercury (Hg) is plotted horizontally and ^^e nor.epower is 
Voued vertically. Bv referring to a manifold pressure of 30 inches Hg and then .oUowing 
fh°s vertical Hn up to its intersection with the plotted curve, we see that the power output 

o'thYs engine is 330 horsepower at a manifold pressure of 30 inches Hg. (^e previously 
stated that atmospheric pressure is about 15 PSI and this is -PP--"^.^'^' 
i-.ches Hg.) The reason we point out the power output at 30 inches Hg is because this is the 

Seoretrcal maximum horsepower this engine would develop if it were not -P^.^^-S^^^- 
Remember, we previously said that the pressure differential approaches a maximum of 15 
*PSr n a normallv aspirated engine. As is obvious from the graph (fig 3-3). the P-" 
put greatly exceeds 550 horsepower-this additional power is obtained by -P^-^-S-g- 
n mav appear that the output of the engine could be increased '"'^^^'"''^^y ^ ."^""^^ ^ . „^ 
"i^c^easing the manifold pressure. This is not true because of the mechanical limitations 
of the engine itself. If this pressure became too high, the engine would become perma- 
rentW damaged or. at the very least, would have its life considerably shortened. Another 
eTea 01 the increasing manifold pressu:e is an increase in cylinder head temperature 

easily cau'se P.eignition. detonation, and valve ^^-^^S" J° ^^^.ff, e^ 
increase in temperature, cooling devices are sometimes used, such as sodium rilled valves 
and heat exchangers. 

e. Advantages of superchargers. 

(1) Increase the power oucput of the engine with negligible increases in engine 

(2) Improve the torque output of the engine at higher RPM. 
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(3) Provide better response to throttle position. 

(4) Provide better atomization and vaporization of the fuel-air mixture. 



550 



I 

a 

V} 




Manifold pressure (in Hg) 
Figure 3-3. Horsepower to manifold pressure relationship. 
i. Disadvantages of superchargers. 

(1) Supercharger equipped engines are more expensive. 

(2) The engine^s maintenance burden is increased by the supercharger's complexity. 
The impeller (rotating member) is a highly machined and carefully balanced part and will 
stand very little abuse. A slight nick in this part will cause an unbalance — the blower will 
not operate at high speeds without excessive vibration and possible damage. 

(Z) The supercharger requires a large amount of power to^ drive it and this is 
compensated by the increased output added to the engine. But a supercharged engine is not 
very economical with respect to fuel consumption. 

3-3. TYPES OF SUPERCHARGER SYSTEMS AND PUMPS. 

a. Type of drives. Two means of driving supercharger pumps have been used. In one 
system, escaping exhaust gas is used to drive a turbine that is coupled to a supercharger 
impeller pump; this is called a turbosuper charger. The second method, and most common, 
is the mechanical drive, which is powered by a gear train from the engine. 

b. Location of pump. Supercharger systems also vary as to location of the pump. 
When the pump is located between the carburetor and the manifold, it is called an internal 
system. When the pump is located in the air induction system in front of the carburetor, it 
is called an external system. In the first system the supercharger provides the advantage 
of addition ' .uel atomization. In the external system the air intake is increased, since no 
fuel is present vvhen the air is compressed. 

C. Single stage and two stage. In the single stage the system has but one pump. In 
the two stage two impellers are used in tandem to increase pressure. In the two stage it 
is necessary to have a cooling device located between the stages, since air temperature 
rises when compression occurs and, hence, the air density would decrease. Two-stage 
superchargers are sometimes found in aircraft engines but are not commonly found in 
automotive engines. 

d. Two speeds. Superchargers with two-speed ratios are sometimes used on aircraft 
engines to compensate for differences in density of air at different altiUdes. In automotive 
vehicles, suoerchargers are normally of single speed (ratio). In automotive engines, the 
speed of the' supercharger will vary only with engine RPM— there is no gear ratio change. 
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e. Types of pumps (compressors). 
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(1) General There are four basic types of compressors: diaphragm, reciprocating, 
rotarv. and centrifugal. For purposes of supercharging, the diaphragm and reciprocating 
types can be readily eliminated because of the limited amount of air that they can handle. 
The rotary and centrifugal compressors have no reciprocating parts; thus, speeds can be 
high and large volumes of air can be handled per unit of time. It is for this reason that only 
rotating compressors, of which rotary and centrifugal are types, can be used for super- 
charging. 

(2) Rotary compressors. Two common types of rotary compressors are the sliding 
vane type and the roots type, Both may be classed as positive displacement types; that is. 

a volume of air is trapped, and. leakages being neglected, all of it is pushed out by a definite 
movement of a part of the compressor, 

(a) Sliding vane compressor (fig 3-4). As the rotor is eccentric to its casing, 
rotation causes the vanes to move in and out of their slots in the rotor, with centrifugal force 
holding them in or out by means of an eccentric. Note that there is a definite amount of 
compression because there is a definite change in the volume of the space between any two 
vanes as they are rotated from the inlet position to the discharge position. Because of the 
inertia of the vanes, the speed of the vane type is not as high as that of some other type, 
but is sufficiently high to be able to handle a much greater volume of air than a reciprocating 
compressor of the same bulk. In addition, the vane type has a tendency toward air leak 
around the -anes and toward excessive friction between the vanes and the rotor and between 
the vanes and casing. In spite of these drawbacks, the vane type is used, to a large extent, 
for compression of air in amounts up to 2. 000 cubic feet per minute and for pressures up to 
30 PSI. " 




Figure 3-4. Vane type pump. 

(b) Roots compressor (fig 3-5). The roots pump has two double-lobed 
impellers turning in opposite directions on parallel shafts inside the housing. The 
imoeliers roll together except for small clearances, alternately trapping the incoming air_ 
or'air-iuel mixture and forcing it through the outlet. Since there is no change in volume oi 
the soace between the impeller and casing, the air is not compressed as it is carriea around. 
When the too edge of the impeller passes the edge of the discharge part backflow oi air 
.•rom the discharge space will occur until the pressure in the space between the impeller and 
ihe casing reache? the discharge pressures. It is used to a large extent for supercharging 
ciesel engines. 

(3) Centrifugal compressor (fig 3-6). The centrifugal supercharger is a non- 
oositive displacement type compressor of high output capacity. All supercnarged Army 
Engine, empiov the centrifugal type supercharger. In this supercharger the impeller is 
i"3ta-ied I- the inlet from the carburetor, It has very small clearances and usually is maae 
o" an a.umxnum-alloy forging which is designed to withstand high centrifugal forces or 
-oiauo^. and is balanced accurately to reduce vibration. The radial vanes of the impeiicr 
catch the fuel-air mixture :rom the carburetor and are curved in the direction ot rotation to 
re-e-ve 'he -uei-air .-ruxture without excessive shock or friction; thus, insuring smooth 




operation. Then the air is centrifugally forced through the radial passageway termed by 
the vanes. Due to centrifugal action, the air is whirled from the center outward, com- 
pressing the air progressively higher at each succeeding radius while allowing air to rush 
in to fill the void at the center. Note that compression of the air enables it to occupy a 
progressively small volume as it travels from the hub, although the passageway may 
diverge and offer a larger tlow area at the perimeter. For this reason, the relative 
velocity of the air can decrease in passing from the hub to the perimeter. This decrease 
of velocity with consequent rise in pressure is called diffuser compression. The air 
leaving the impeller has a high absolute velocity due to the rotation of the impeller and 
centrifugal force action. This high velocity is reduced when the air leaves the impeller to 
enter the stationary ditfuser vanes with a consequent increase in pressure. Actually, there 
are three steps in compression in a centrifugal supercharger due to centrifugal action, 
diverging contour at outer perimeter, and action of viiffuser plate. One of the characteristics 
that is associated with the centrifugal superchargers is surging. This action occurs when 
the air at outlet pressure e.xceeds a point of compression for which the compressor is 
designed and causes air to surge back through the compressor. But with this pressure 
relief, the compressor responds by attempting to increase its pressure ratio and, again, 
a back surge is experienced. Thus, a high frequency surge of air back and forth in the 
compressor will occur. This is of negligible importance to conventional reciprocating 
engines but is problematical when applied to the gas turbines or jet propulsion. This 
problem is overcome in gas turbines by using axial flow compressors. 
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Figure 3-5, Roots type pump. 




Figure 3-6. Centrifugal pump. 
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(4) Axial flow compressors (fig 3*7). Axial flow compressors consist of multiple 
rotora moanled on a common shaft separated by stators that are fixed to the compressor 
housing. The nurface area of the rotor blades decreases progressively from intake to 
outlet. Compression is achieved in easy stages, increasing as air passes toward the outlet 
thus reducing or eliminating the blow back or surge back through the compressor. 




Figure 3-7. Axial flow compressor. 
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SECTION IV. FUEL INJECTION SYSTEM PRINCIPLES 

4-1. GENERAL. With all the problems inherent in the carbureted fuel systems it can readily 
be seen why engineers turned to fuel injection systems for a possible solution to some of 
these problems. While the fuel injection system is not a panacea for all induction system 
problems, it does eliminate many of the more troublesome features of carbureted system 
intake manifold design. 



4-2. FUEL INJECTION AND DIESEL ENGINES. 



a. General. One of the earliest and most common applications of fuel injection 
systems has been in the compression-ignited engine (diesel engine). In the diesel engine, 
fuel is put under pressure by means of a mechanical pump. Fuel is metered mechanically, 
either within the pump or in a separate metering device. The fuel charge is distributed to 
the cylinders at intervals timed to the compression stroke and is injected, under high 
pressure, into the combustion chamber. Fuel injected into the highly co.mpressed air of the 
combustion chamber causes ignition to occur. An excess of air is available at all times, 
since air is not throttled. Engine output depends only on the amount of fuel metered into the 
cylinder combustion chamber. Diesel engines can use a less volatile fuel since fuel is 
mechanically atomized and vapor is not necessary for starting. 



b. Advantages. The advantages of diesel engines are many. They include: 
(1) Fuel economy. 



(2) FueA less flammable. 

(3) No electrical ignition required. 

(4) Better low-speed torque. 

(5) No carbon monoxide in exhaust gases. 

C. Disadvantages. Diesel engines have their disadvantages too. Some of these dis- 
advantages can be overcome at the expense of so.me of the advantages. The most notable 
disadvantages are: 



(1) Excessive weight. 

(2) High initial cost. 

(3) Starting rather difficult. 

(4) Greater .maintenance cost. 
4-3. FUEL INJECTED GASOLINE ENGINES. 

a. General, in gasoline engines, the fuel is injected in measured quantities to the 
cylinders. Measuring, distribution, and atomization are performed mechanically M'it, 4-1). 
The intake manifold has only one function — to provide free flow of air to the cylinder :om- 
bustion chamber. However, the air intake is still throttled to control engine output, '.nc 
ignition is still accomplished by electrical spark. Unlike the diesel. the gasoline i.-.;ected 
engine .must maintain a close air-fuel ratio to sustain combustion at varying load anc ^peed 
conditions. There is no one single type of injection system. Systems vary as to tvpe r. 
pump, tvpe of distribution systems, and in methods of controllinu metering c: fue.. 
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Figure 4-1. Typical injection systeni. 
b. Types of fueJ injection systems for gasoline engines, 

(1) General. Classification of fuel injection pump and distribution systems may be 
made bv four broad areas. A discussion of the basic systems follows. It should be 
remembered that although these are the basic systems, variations of each or combinations 
of some may be found in application. The basic systems are: 

(a) Timed injection, independent distribution. 

(b) Timed injection, cornmon ratio. 

(c) Continuous flow, 

(d) Injection c^rburetion. 

(2) Timed injection, independent distribution, 

(a) This system involves a multiple unit pump that measures and injects fuel 
into lines at intervals timed by a distributor mechanism to coincide with the intake stroke 
of various cylinders liig 4-2). The fuel then passes under relatively high pressure through 
ir.dependent lines to each cylinder. This allows the injector nozzles to be treated as an 
accessory unit. The nozzles are spring-loaded and will discharge an atomized spray ot 
:uei when pressure in the line overcomes spring pressure. Spring-loaded discharge 
nozzles act to minimize luel inertia problems by maintaining fuel in the lines under pressure 
curing the noninjection period, 

(b) The nozzles may discharge either in the intake port, manifold, or combus- 
tion chamber in any oc the varied timed injection system.5 (fig 4-3). Generally, it is pre- 
ferred to inject the fuel into the intake port. The finely atomized particles of fuel are 
sprayed on the head of the hot intake valve. This causes the fuel to vaporize. The vaporized 
fuel IS then drawn into the combustion chamber on the intake stroke. This eliminates 
problems that are common to combustion chamber injection such as (1) high combustion 
chamber temperatures, (2) higher fuel pressures, and (3) clogging. Port injection is 

quite satisfactory for engines operating below 5,000 RPM, Above this range, timing of 
injection must be very accurate and short since the time the intake valve is open is very 
brier. This one reason why high-speed racing cars use combustion chamber injection in 
which tnere is no limitation of fuel intake time at high speeds. 
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Figur.e 4-2. Timed Injection. 

(c) Timed fuel injection with independeni hnes ^tnci spring-loaded nozzles is 
the type oi injection system currenth used b\ most L'S Ar:v.> tracked vehicles. In this 
system fuel is injected into the intake port. 
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Figure 4-3. Combustion chamber and intake port injection. 

(3) Timed injection, common rail distribution. Fuel is delivered under a moder- 
ate pressure by a common line to spray nozzles in each cylinder (lig 4-4;. The injector 
noz7,les are, m effect, plunger-type pumps actuated cams or, in some cases, solenoids 
that actuate the pumps at proper intervals. Actuation oi the injector nozzles bv camshaft 
has proved rather expensive. Solenoid actuation has achieved considerable acceptance. 
The primary objection to this type system is that it is difficult to vary :uel input aniior.mly 
among all cylinders. 

(4) Continuous flow injection (fig 4-5). Some of the problems of timed injected 
systems and cost can be reduced by use oi a continuous nontimed injection. In this system 
the fuel is delivered mostly during the interval between intake strokes of the engine cycle. 
The air-fuel cha*'ge is drawn into the cylinder when the intake valve opens on the intake 
stroke. The system is free of fuel line inertia problems; however, the fuel meterin*: 
oriiices must be extremei> small because fuel is constantly, dribbling in. This system is 
quite low in cost while retaining many of the advantages of injection. 
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Figure 4-4. Timed injection, common rail. 
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"igure 4-5. Continuous liow injectio:: 



(5) Injection carburetor system. Conventional carburetors .r.eter fuel and deliver 
It at the same pressure potential and at almost the same point in the ^iirstrea.m. Separation 
ot these two tunctions is accomplished by the injection carburetor. In the injected carburetor 
positive atomiialion is possible because the luel is atomized mechanii-ally. Considerable 
performance improvement results when the fuel metering force iS amphued and the freedom 
o: ceavery t.o any point in the system, is attainec by injection. Fuel mje^tion^s :30sitive 
atomization is also helpful m improving periormance» In this system uiel is supplied :o 
the c'lrburetor pump under n^oderate pressure. The fuel is then in^'tered and sent to a 
supp*em.entar> pump tnat repressurizes it. The discharge o: fuel occurs above the throttle 
to eliminate the probie.m of carburetor icing. 

c. Controlling the air-fuel mixture in injected gasoline engines - the problem. 

(1) The prooiem. o: providing fuel to engine cylinders aould be co.mparativel v- 
si.mOi.e ^or gasoline engines i: it \'.ere not for the cnanges u. aii -u.el ratio that <ire de.n^.anded» 
Ficure 4-0 shows the air-:>-eI ratios required h\ the engine at various throttle and *oad 
conditions. Three coi^cuions are apparent. 

(a) Idlinti M\c low speed (A-Bi. 

(b) £ccnom^ ran^e, media. n loads iB-Ci. 

(c) P.nver r-»:.ce \Mtr. full lo'-c .C -Dl 
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EFFECTIVE THROTTLE OPENING 
(IN PERCENT) 

Figure 4-6. Air-iuei and tuel-air ratios required 
by the engines at various throttle 
positions. 

(2) At idling speed the air-fuel mixture is diluted by a high percentage of in^rrt 
exhaust gases; therefore, an excessively rich mixture to provide combustion must be 
supplied. As the throttle is opened past the idling or no-load position, the problem c: 
exhaust gas dilution is minimized. At this point the engine operates in its i^iaximum 
economy range, if the mixture is well vaporized and the maniiold ^orre^th designed, the 
ideal lb-17 to 1 air-iuel ratio can be approached. Due to the lean mixture m this ecoiion:y 
zone the flame is slow in traveling through tho combustion chamber. K^jr this reason the 
spark must be advanced for maximum economy. Opening the throttle to approximately tho 
three-quarter position in the power range requires a rich mixture tor two reasons. 

(a) Maximum power requirement is assumed; thereiort-, i rich mixture 
becomes necessary. 



(b) Lean mixtures, such as in the economy range, cau^.- a tendency to\^circ 



valve failure. 



The first reason is supported by information found elsewhere in this text which states th?t 
maximum power is attained when all the air is consumed. The second r«ison is appan^n: 
when it is reclized that lean mixtures burn slowly and hence exhaust gases are notter \u:en 
they pass through exhaust valves. Also, at higher speed there is .ess iir-^i*. tor the exhaust 
valves to cooJ. 

d. Controlling the air-fuel mi.xture m injected gasoline engines - solution to the 
problem. There are several approaches tor a solution to varMn,^ the air-:uei mixture in 
tuel injected svste.ms. Three methods that will proportion both air and :ue: an- throttle 
control of both air and lucl by mechanical linkage; (2) throttle control o: air supply, .-fusing 
automatic control ot :uel; And (3) throttle control oi tuel causing .uitoir.atic control o: .iir. 
Methocs (1) and iZ) are the ones employed in most military irickcd vehicle ongines ar.c: ^re 
the ones discussed. 

(1) Control by mechanical linkage. In this method the accelerator ib connecter, oy 
linkage to the throttle valve in a wav similar to that tound m the c -.rouroled svstem I.' .untro. 
tr.o iir intaKe. The linkage is also connected to a metering cevict to mechar.iccil.v mo'.cr 
th'j luel m corresponding a.mounts to ntamtam the proper :tir-u:e. riti^. . 



(2) Throttle air control and automatic fuel control. This system is employed in 
ine 5imniunas tuel miection ystems used in engiiieo. The air throttle is controlled by 
nifU. uucal linkage. The tuel is metered by sensing the engine speed and mtukc Air density 
translating iiws :i:tu wor re^jpondmg tuel discharge* The engine speed factor i6 imposed 
,^n the puii^p directly b\ the engine. Manifold pressure can be used as a measure of air 
ucnstt\ u compensation :or teir.pe rature is made. As a reliable indicator of mass airflow 
at ' c<,*nstant temperature, manifold pressure is satisfactory over the entire speed range. 
.■\ir densitv change cue tu variance in temperature, however, is quite significant. For 
exanipie, to .maintain a 12 to 1 air-iuel ratio of 0^ F manifold temperature, an engine may 
c.;.ni:> 145 cuoic leet o. air. This sa.me engine must induct 193 cubic feet of air to hold the 
s-^Me air-:ue. ratio at loO*^ F. This additional air cannot be inductee since the engine is 
ctsu jlIW ^ constant volume pump, and as a result the air-fuel ratiu is lowered. Obviously, 
svirn* means o: compensating for this variance must be providec. Fuel flow must be 
rfgv*aled to compensate for temperature changes. Erroi ^ in fue. flow can also be caused 
o\ barumetric a:*d altitude changes. Som.e systems compensate for these changes. 



e. Advantages of fuel injection for gasoline engines. Many advantages are claimed 
•or ir. ecied -uel systems, anc a realization of these advantages depends on the type of 
^►v»tom t-mployec, thu nature ot the installation, and the type o: operation the engine is used 
1.^7. it IS genercil*) agreed that best results occur when the engine is designed with the 
intent o; injecting in rr.md. Some of the more significant advantages are discussed in the 
:olxov\:ng subparagraphs. 

(1) Increased power, increased power results because of increased volumetric 
e::i^:encv due to two reasons: 

(a) IntaKe manifolds can be simplified since their only function is to provide 
\ir :or .ombustion. The manifolds can be made large because tnere is no need to maintain 
,ir velocity, such as is the case with the carburetor. Hence, the venturi restriction can be 
e.immatec. The result is a free-flowing air intake allowing a maximum amount of dense 
a:r i-> r-nter the comc^ustion chamber, dependent only on the engine dem.ana. Maximum air 

• vaiiabiiiiv assures maximum power output. 

(b) Injection systems atomize the fuel mechanically; no manifold hot spot is 
requirec for vaporization. Elimination of the hot spot on the manifold allows cool dense 
a;r't:> enter the combListion chamber. Therefore, a larger amount of air-fuel mixture 

i*>v 'Ae;.;r.ti can be packed into the combustion chamber. In the intake port injected engines 
the :uel IS not vaporized until the piston comes up on the compression stroke. This also 
contributes to a denser air-iuel charge and a resulting increase m power. 

(2) Torque increase at lower engine RPM. Carbureted engines that depend on 
i::ta^-e ?.ir to meter and transport fuel cannot produce a condition in the combustion 
chamoer concucive to high torque at low RP.M. Injected engines can produce optimum air- 
:. >v anc lae. charge at a much lower HPM. Camshafts can then be designed to take 
acvantage of this gam >.nd produce higher torque in the lower RPM range. This is 

T/*^ rlicuiar y acvantag«ou5 to vehicles employing automatic transmissions. 

(3) Increased economy. 

(a) Imectmg tuel with precise contro^ of the amount and timing of fuel permits 
r :r-u:e. mixture. There is much less deposited on the p^anifuid wall, so the over- 
r-r, -.;r-"G IS .ess than that o: the carburetor svsiem. 
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(b) Distribution is more uniform among the cylinders. Heavy ends of fuel 
tthe elements of fuel that ^re inert or have high vaporization points) resist vaporization and 
cannot be well jdistributed by an intake manifold. Therefore, the delivered fuel intake may 
differ among the cylinders. Injected systems distribute fuel in liquid form, assuring a 
homogeneous mixture in au cylinders. Injection of fuel at the intake valve port insures 
consumption of all the fuel metered, thus promoting economy. 

(4) Improved acceleration. Acceleration is improved because the fuel is injected 
close to the combustion chamber. This eliminates the lag in acceleration due to the time 
^ required for fuel to pass through the manifold of a carbureted engine. 



(5) Icing problems minimized. Occasionally, in carburetion, the formation o: ice 
partially blocks the venturi. The icing results from the cooling effect oJ the expanding air 
after it leaves the venturi and the vaporization of fuel. When icing occurs, the intake air 

IS restricted and the output capabilities ot the engine are limited. Since the injection system 
does not have a venturi restriction, this icing problem does not occur. 

(6) Backfire is minimized. In port injected systems the danger of backfire is 
reduced because there are no hot fuel vapors in the manifold. 

(7) Improved engine attitude. There is much less change in fuel distribution due 
to changes in engine position in the injected system. Carburetors are quite sensitive to 
engine position due to.xhanges in float bowl fuel level when the vehicle is on an incline. 

f. Disadvantages of fuel injection* In a comparison of performance, there is no dis- 
advantage of any consequence in fuel injected engines when they are compared with carbu- 
reted engines. However, several items of installation and maintenance may be considered 
disadvantages. 

(1) Due to the nature of the mechanical working parts' and their close tolerances, 
a finer degree of fuel filtration than that currently applied to the carburetor engine is 
necessary, 

(2) In order that the fuel injector may meter fuel properly at high fuel temper- 
^ures, a higher fuel supply pressure to the injector Is required than that currently applied 
to the carburetor system. 

(3) The initial cost of the system may be greater, depending on which carburetor 
systems are considered. 

(4) There are more moving parts in the injector system which may contribute 
somewhat to a higher maintenance cost. Adjustment and calibration of injector systems 
require skilled personnel and complex equipment. 
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SECTION V. SIMMONDS FUEL INJECTION SYSTEM, DESCRIPTION 
AND PRINCIPLES OF OPERATION 



5-1 GENERAL. The Simmonds SU fuel injection system has oecn adopted by ihv Ar:ny for 
use* on some engines. The model used on each engine .nay diitcr. Table =-1 ^'"^^ ■Mc.ci 
engine model and ivpe ol Simmonds pump employed on each production model A. induntcc 
in table 5-1. future engine requirements will be met with injected engines. Figures =-1 
and 5-2 illu»tracc production model t-ngines employed in tracked vehicles which utilize 
fuel injection. All Simmonds SU injection systems are similar in operation and construction 
principles. However, their installation on engines varies as to the type of auxiliary controls 
used. 

Table 5-1. Simmonds Fuel Injector Pump Assemblies in Ordnance Number Sequence. 



Crdnar.ce 
part No 



Federal 
stock No 











Engine 












application 












Continental 




Simmonds 


Model 


Simmonds 


model 


Continental 


part No 




No 


type 


No 


part No , 


570057 


SU 


-15G3 


SU-15 


AVI 1790-8 


5519o3 ; 


570060 


SU 


-15C5 


SU-15 


AVSI 1790-6 


552049 


570062 


SU 


-15D7 


SU-15 


AOSI 895-5 


552082 


570214 


SU 


-570 


SU-570 


AOI 402-5 


52895^ i 


570080 


SU 


-570 


SU-570 


AVI 1790-8 


553^82 \ 


570099 


SU 


-570 


SU-570 


AOSI 895-5 


553739 


572000 


SU 


-570 


SU-570 


AVSI 1790-6A 


554250 ! 


7973713 


SU 


-15G3 


SU-15 


AVI 1790-8 


55l9o3 


7974093 


SU 


-15C5 


SU-15 


AVSI 1790-6 


552049 


7974355 


SU 


-15D7 


SU-15 


AOSI 895-5 


552082 


8735882 


SU 


-570 


SU-570 


^AOI 402-5 


551963 


8725160 


SU 


-570 


SU-570 


AVI 1790-8 


553982 


7017523 


SU 


-570 


SU-570 


AOSI 895-5 


553739 


10865193 


SU 


-570 


SU-570 


AVSI 1790-6A 


554250 



7973713 

7974093 

7974355 

S735882 

8725io0 

7017523 

10865193 

570057 

570060 

570062 

570214 

570080 

5700^9 

572000 



2910-333-5006 
2910-571-6981 
2910-695-2962 
2010-571-6766 
2910-678-7100 

2910-714-8653 
2910-333-5006 
2910-571-6981 
2910-695-2962 
2910-571-6766 
2910-678-7100 

2910-714-8653 



5-2. DATA. Table 5-2 provides the general data applicable to a typical SU fuel system 
employing the SU series injector pump (fig 5-3 thru 5-6). 

Table 5-2. General Data, Typical SU Fuel System. 



Overall length 

Diameter at mounting end 

Maximum height from centeriine at 

solenoid end of injection pump 
Maximum fuel delivery (lb per 

revolution) 
Minimum engine oil pressure 
Minimum fuel pressure 
Injection pump mounting 

Mounting drive ratio (to crankshaft) 

V/eight of pump 

Injector nozzle mounting 

Weight of injector nozzle 



8. 87 in 
Approx 4 in 

4. 62 in 

0. 00369 
30 PSI 
15 PSI 

MounUng pad and 3 studs, 5/lo- 

in diameter 
1:1 

Approx 8 lb 

Bosses on intake manifold 
Approx 3 oz 
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A-Capillar>' tube assembly 
B— Capsule cross-pin 
C-Capsule adjustment nuts 
D-Capsule assembly 

E-Oil valve spring: plate, and shaft assembly 

F-Oil drain hole 

G— Outer tuning spring 

H-Inner tuning spring 

J-Mainshaft assembly 

K-Tuning spring retaining plate 

Wobble plate ball 
M-Wobble plate 
N-Plunger block assembly 
P-D»«;tributor valve 

Figure 5-3. Fuel injector pump asscmblv 



Q-Fuel port 

R-Splined end of mainshaft assembly 
S-Distributor block assembly 
T-Mainshaft eccentric 
U-Ring gear assembly 
V-Mainshaft cross-piece oil hole 
W-Inner and outer plunger springs 
X-Plunger assembly 
Y-Skew shaft 
Z-Main body 

AA-Inner tuning spring shim 
BB-Sandwich piece assembly 
CC-Manifold pressure port 

797371 3— cro>s-Ncctional view. 
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A-Chcck nut 
B— Capnut 

C-Capsule "0" ring proformed packing 
D-Capsule assembly 
E-Sandwich piece gasket 
F-Mainshaft assembly 
G-Skew shaft 
H-Wobble plate ball 
J-Plunger block assembly 
K-Plunger block thrust washer 
L-Plunger block thrust seal 
M-Distributor block assembly 



N-Splined end of mainshaft 
P-Mainshaft eccentric 
Q-Distributor valve 
R-Ring gear assembly 
S-Inner plunger spring 
T-Outer plunger spring 
U-Plunger assembly 
V-Wobbie plate 
W-Inner tuning spring 
X-Outer tuning spring 
Y-Sand'ttich piece assembly 



Figure 5-5. Fuel iDjcctor pump a^sfinbiv S735882-croNS.iL-ctiunal view. 
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5-3. GENERAL DESCRIPTION. The injector pump is comprised of these major parts or 
subassemblies: the capsule housing assembly, the sandwich piece assembly, tuning springs, 
pump body, skew shaft, main shaft, wobble plate and ball, plunger block assembly, ring 
gear, distributor valve, distributor block, and the injector nozzles. See figures 5-7 
through 5*21. 

a. Capsule housing assembly. Enclosed and supported by the capsule housing is the 
capsule assembly and, if used, the temperature sensing' bulb, the idle control device, and 
the fuel metering control valve. A threaded shoulder with two adjusting nuts provides for 
vernier adjustment of the capsule. 

b. Sandwich piece assembly, included in the sandwich piece assembly is the central 
bore that supports the servovalve shaft and an oil restrictor leading to the oil drain 
passage. 

C. Tuning springs. There are two tuning springs. The outer one bears against the 
servovalve and the servo of the skew shaft. The inner smaller spring is retained to a 
shoulder on the servovalve. The tuning springs regulate the position of the servovalve and 
skew shaft in response to force differential in the servosystem. 

d. Pump body, included in the pump body are a bore for thp skew shaft, a spherical 
socket in which the wobble plate oscillates, and oil inlet and outlet passages. 

e. Skew shaft. Located on one end of the skew shaft is the servopiston. The other 
end of the skew shaft is set at an angle (skewed) and passes through the ball ring. On the 
skewed end there is a slot that engages a lobe on the main shaft, permitting the skew shaft 
to be driven by the main shaft. The angular position of the wobble plate is dependent on the 
axial movement of the skew shaft. Pressure differential across the skew shaft and tuning 
springs produces the axial movement. 

f. Main shaft. The main shaft is driven by the engine through a splined coupling. A 
lobe on one end engages and drives the skew shaft. On tha other end there is a cam that 
actuates the fuel distribution valve. A drilled passage through the lobe and center of the 
main shaft permits passage of oil to the servochamber. 

g. Wobble plate and ball. The wobble plate is mounted ^n the ball and seats in the 
spherical socket provided in the pump housing. Rotation of the skew shaft causes the 
wobble plate to oscillate, thereby actuating the pump plungers. The position of the ball 
ring on the skewed portion of the skew shaft determines the length of the plunger stroke 
and the quantity of fuel output. 

h. Plunger block assembly, included in the plunger block assembly are the plunger 
block, plungers and plunger springs, 0-ring, and the wave spring. Movement of the plungers 
is caused by the oscillation of the wobble plate, while the length of the stroke is regulated by 
the position of the wobble plate on the skewed portion of the skew shaft. The fuel pomp 
forces fuel into the respective plunger bores and is injected in a timed sequence. 

i. Ring gear and valve. The ring gear is sandwiched between the pump body and 
distributor block and remains stationary. Internal gear teeth of the ring gear mesh with 
the teeth of the valve gear. The valve serves to distribute the fuel to the proper ports. 
The valve has ports that aline with the ports in the distributor block and the plunger block 
assembly, permitting the intake and ejection of fuel in properly timed sequence when 
rotated by the main shaft cam. 

j. Distributor block. The distributor block has a support bearing for the mam shaft 
and drilled passages for the fuel supply, fuel venting, fuel discharge, and oil supply and 
drain. 
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A-Capsu)c assembly 
E-Oil valve and shaft assembly 
C-Outer tuning spring 
D-*Inner tuning spring 
E^Skew shaft servopiston 
F-Skew shaft 

G- Alternate supplv oil inlet 
H-Plungcr assembly 
J-Plunger bore 
K'-Plunger block 
L-Distributor valve 
M-Main shaft eccentric 
N-IMstributor block 
Fuel inlet 



Q-Supply oil inlet 
R*-I>rain oil outlet 
S"Fucl outlet (to nozzle) 
T-Ring gear assembly 
U-Distributor valve port 
V-Main shaft oil inlet 
W-Wobble plate 
X- Wobble plate ball 
Y-Main shaft assembly 
Z-Main shaft oil outlet 
AA-Sandwich piece assembly 
BB-Drain oil orifice 
CC-Manifold pressure connection 



DRAIN OIL 



SUPPLY Oil 



SERVO OIL 



FUEL AT NOZZLE PRESSURE 
FUEL AT INLET PRESSURE 



ENGINE MANIFOLD PRfcSSURE 
(CAPSULE CHAMBER PRESSURE) 



Figure 5-7. Fuel injector pump assembly 8735882 — tunctional diagram. 
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k* Injector nozzles. The nozzle is comprised of the valve, spring, filter screen, 
and the injector retainer* The number of cylinders determines the number of nczzles 
required* 

5-4- CONSTRUCTION OF COMPONENTS* 

a* Capsule housing assembly (fig 5-8 thru 5-10)» 

(1) The aluminum housing contains the capsule assembly* . W.hen used, the 
temperature bulb and capillary tube are permanently affixed to the capsule and are con- 
sidered as part of the assembly. The housing has a threaded boss that mounts the t\.\o 
capsule adjusting nuts* Studs are provided on the circular flanged face lor mounting the 
capsule housing on the sandwich piece and main body* 



Mr^AtMt ASSY.-7043f37 

i>-ftorroM CA^suiE acajstmsnt NUT-aos^e^? 

r-W CA^SWi AOJUSTMEf^f NUT .e35?W3 
0-M£T«nMO HO MO05INC W $ruM ■77932-570752 
H-IOCKINO W\»£--O033 DiA Sr 



K-CA^tuABY ruee aAMP-W9C6^2i9iM 

l-NO 50 SC<£W-8S044-AN14S555 

CAPaiARY Tul€ AS5Y W n.M«>»ATUIt€ 
t^Utl ASSY-NO S0M5€it 
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Figure 5-8. Original metering head assembly— exploded view. 

(2) The capsule assembly is housed in the aluminum casting with the stalk of the 
capsule passing through the central bore of the threaded boss ,f»g5-9,. An adjusting pm 
pas3es through the capsule stalk and threaded boss at right angles to their axes. Tne 
adjusting pin is nested between the two adjusting nuts* Movement of the adjusting nuts 
causes axial movement of the adjusting pin ana capsule stalk (the adjusting pinhole in the 
threaded boss is elongated to permit axial motion). This movement changes the fuel output 
of the injector pump. 

(3) Six studs protruding from the capsule bore opening side of the housing serve to 
attach the sandwich piece and capsule housing to the pump body* 
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CAPSULE 
STALK 



it— ADJUSTMENT 
NUT COVER 



ADJUSTING 
NUTS 




CAPSULE 
ASSEMBLY 



Figure 5-9. Capsule housing assembly — cross section. 



A .CAPS'JLY ASSY 70*3987 

- ICAPSUIE O ' RING PREfOXMED PACKING 

C-'vIN HEX.HO PtPE PLUG a804X.AN933 1 
j^CpC D-|80TT0M CAPSULE aOJUSIMENT 

( # InUT 3389862 

C> CAPSUlE CROSS PIN-77932.570134 
f-TOP CAPSULE ADJUSTMENT NUT-33898A3 

HMETEfttNG HO HOUSING W STUOS-- 
77932.570752 
H-PlUG-7017522 




RAPO 386562 



Figure 5-10. Converted metering head assembly (capillary tube 
and temperature bulb removed)— exploded view. 
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(4) Provision for mounting two manifold pressure sensing tubes is made v.ith two 
threaded port bosses on the side of the housing. The capillary tube of the temperature bulb 
is attached to an adjacent boss. Since the capillary tube is permanently affbced to the 
capsule housing assembly, it should not be tampered with. The capillary tube and sensing 
bulb are not used on new engine applications or rebuilt pumps because it has been dis- 
covered that manifold heat changes affect the capsule without using the heat sensing bulb. 

b. Sandwich piece assembly (fig 5-11). 

(1) The sandwich piece is a machined aluminum disk with a boss on one side. A 
central bore through the boss supports the servovalve shaft while a counterbore receives* 
the servovalve shaft oil seal. An oil restrictor passage extends at an angle from the 
central part of the sandwich piece to be joined to the oil drain passage of the main pump 
body by a drilled passage and a counterbore. 

(2) A tapered cone on one end of the servovalve shaft seats in a miniature bearing 
pressed into an outer race. The bearing is permanently lubricated by grease placed in a 
soft copper cup before it is permanently attached to the outer race of the bearing. On the 
other end, the servovalve shaft is pressed into the servovalve seat. The brass bushing in 
the central bore is drilled to permit oil to drain into drilled passages from the valve seat 
restrictor passage. A brass plate across the top of the sandwich piece boss retains the 
oil seal. 

(3) Six equally spaced drilled holes around the outer periphery receive the studs 
of the capsule housing and rve to fasten the sandwich piece to the main pump body. The 
seventh hole is a continuation of the accelerator pump oil passage. 




Figure 5'11. Sandwich piece assembiv. 
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C* Tuning springs (fig 5-12). The inner and outer tuning springs are made of music 
wire. The tuning springs provide the force differential to position the skew shaft and 
wobble plate when the oil pressures on both sides of the servo are balanced. It is in this 
manner that the fuel is metered to meet manifold pressure and temperature changes. 





TUNING 
SPRING 



OUTE B 

Tuning 

SPRING 



Figure 5-12. Tuning springs. 



d. Pump body (fig 5-13). 



(1) The one-piece aluminum casting pump body contains the following: central 
bored noie, drihed oil dram passage, threaded oil supply port, spherical surface with 
three equa*i> spaced slots extending radially from the central bore, and a stepped counter- 
bore with a locating slot to receive the dowel pin of the plunger block assembly. 



MOUh/r/NG 

Holes 



STEPPED 




HlHQ AMD 
tHO CCV£R 
STOD HOt.CS 



OtL OHAtH 

OIL SU^fLt 



MOUN rtH& 
HOLE'S 
AHf^&lAfi dlNO AMD 



^igure 5-13. Pump body. 



33 



ERIC 



14 



u 



(2) The central bore receives the servo of the skew shaft and serves as a servo 
chamber. The spherical surface at the one end of the central bore will position the v\obbIe 
plate that is mounted on the skew shaft by a ball ring. The angular position of the wobble 
plate is .varied by the axial motion of the skew shaft in its bore and determines the quantity 
of fuel displaced by the plungers. Rotary motion of the wobble plate, due to rotation oi the 
skew shaft, actuates the plungers which receive and eject the metered fuel to the various 
cylinder nozzles. 

(3) The stepped bore provides a seat for the plunger block assembly and a locating 
slot receives the dowel on the plunger block. 

(4) The smaller round flange has six stud holes on the mounting face to receive 
the studs that mount the sandwich piece and capsule housing assembly. The three holes in 
the larger flange that have raised bosses admit the studs of the engine mounting pad. The 
hole drilled lengthwise through the pump body connects the oil drain passage ox the capsule 
housing with a similar passage in the distributor block. A 1/8-inch pipe thread port is 
provided for use when supply of engine oil pressure is made externally. 

e. Skew shaft. The skew shaft (fig 5-14) is a machined meehanite casti. ^. When 
placed in position, the end with the servo fits into the central bore of the pump body and 
retains the tuning springs. A forked end on the skewed portion of the shaft engages and is 
driven by the lobe on the main shaft. A central bore permits the skew shaft to slide axiaily 
over the main shaft. Differences in oil pressure on either side of the servo and the force 
of the tuning springs will cause axial motion of the skew shaft. The angular position of the 
wobble plate is determined by its position on the skewed portion of the skew shaft. 

Note. - Meehanite is a high grade of cast iron with excellent wear resistance and self- , 
lubricating properties. 




Figure 5-14. Skew shaft. 

Main shaft. The main shaft (fig 5-15) is a steel rod with a splined end coupled to 
the engine accessory drive. The shaft aas a lobe for driving the skew shaft and an eccentric 
cam to actuate the fuel distribution valve. A hole drilled transverse to the axis of the 
shaft and extending through the lobe to a central bore provides an oil passage to the upper 
servochamber. The central bore terminates at the servovalve seat. 



.ECCENTRIC 



LOBE 



SERVO OIL 
INLET PASSAGE 



Figure 5-15. Mait/s^^ft. 
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g. Wobble plate and ball. The ball and wobble plate (fig 5-16) are hardened, 
machined steel parts. The wobble plate seats in the spherical socket of the pump body. 
The ball serves as a flexible joint, allowing the wobble plate to oscillate when driven by the 
skewed portion of the skew shaft. The radial and axial movement of the periphery of the 
wobble plate causes the plungers to receive and eject fuel in the proper sequence. 




Figure 3-16. Wobble plate, ball, and plunger block assembly. 

h. Plunger block assembly. The plunger block (fig 5-17) is a machined aluminum or 
meehanite cylinder that has a central bore and equally spaced plunger bores. The plungers, 
made o; chromium plated brass, are interchangeable. The skew shaft and the mam shaft 
pass through the central bore. The springs m the plunger bores load the plungers against 
the wobble piate and, as previously explained, the plungers are actuated by the wobble plate. 
A wave spring loads the plunger block assembly against the valve gear to form a seal. The 
C-rmg, on the outer periphery of the plunger block, is a seal to prevent the oil from leaking 
into the :ue.. The piunger block assembly seats in the stepped bore of the pump body ^\here 
it is positioned by a locating dowel and retained by a largo circlip. 




Figure 3-17. Plunger block asse.nibly. 
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!• Ring gear and valve. 

(1) The annular ring {fig 5-18) is an internal toothed, annular ring gear held in a 
fixed position between the end cover and the punnp body by three studs. The internal teeth 
mesh with the external teeth of the distributor valve» Drilled holes allow continuation of 
the oil supply and drain passages in the pump body and distributor block. 





Figure 5-18. Ring gear and gaskets. 

(2) The valve (fig 5-19) is a machined meehanite casting, resembling a gear, with 
eight kidney-shaped ports equally spaced that meet with eight drilled holes coming through 
from the other side. The kidney-shaped ports and drilled holes deliver fuel from the 
plunger bores to the distributor block passages in proper sequence. The external teeth of 
the valve mesh with the teeth of the ring gear. The central bore fits over the eccentric of 
the mam shaft. Pressure from the wave spring sandwiches the valve between the plunger 
block and distributor block. A timing mark on the valve is to be alined with a similar 
mark on the ring gear to secure the correct relationship between the wobble plate throw and 
the position of the main shaft eccentric. 

(3) Revolving the main shaft eccentric in one direction will cause the valve to 
rotate m the opposite direction. The ratio between the valve and ring gear is 8 to I. Hence, 
one revolution of the mam shaft will result in one-eighth of a revolution of the valve. Fuel 
intake into the plunger bore is controlled by the edge of the valve. The action of the valve 

IS timed with the stroke of the plunger so that the inlet opening to the plunger bore is 
uncovered when the plunger is on the intake stroke. After completion of the intake stroke, 
the valve moves to aline the kidney-shaped port and drilled hole with the discharge port of 
the distributor block. Each plunger will deliver fuel through each of the kidney-shaped 
ports in turn. 
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Figure 5-19, Distributor valve. 

j. Distributor block. 

(1) A cylindrical, machined, meehanite block forms the distributor block (fig 5-20) 
for the pump. It is comprised of the following components: oil inlet and outlet passages, 
fuel vent port, two alternate fuel inlet ports, and a central bore to support the main shaft 
bearing. Three studs located on the machined surface mount the distributor block to the 
pump body. Three holes passing through the casting permit mounting the entire pump to 

the engine. The arrow stamped on the distributor block indicates the direction of main 
shaft rotation. 

(2) A 1/8-inch pipe-threaded brass fitting retains a fixed restrictor and vents fuel 
and vapor back to the fuel tank. The six outlet fuel fittings are lettered alphabetically to 
indicate the sequence of discharge. Two 1/4-inch threaded ports permit fuel to be supplied 
from either side of the pump. The two inlet drilled passages and the vent port are inter- 
connected by the annular groove on the machined face of the distributor block, 

(3) The six passages on the machined face are connected to the lettered discharge 
ports; each passage receives fuel from a plunger, and delivers it to the nozzle. 

(4) The main shaft passes through the central bore and is retained by a split 
sleeve held together by a clip. Main shaft end play is controlled by shims placed between 
a thrust collar and the counterbore seat. Oil supply and oil drain passages on the engine 
mounting face mate with similar passages on the engine accessory mounting pad. 

k. Injector nozzles^ An injector nozzle (fig 5-21) is mounted on a boss on the intake 
manifold tube for each cylinder. The position of the valve is such that fuel sprays through 
the open intake valve port and into the combustion chamber as the air charge enters. The 
nozzles incorporate a filter screen and a pintle valve which is spring loaded to prevent 
leaking. Fuel pressure of 50 to 70 PSI is required to open the valve. The hemispherical 
shape of the valve and its seat promote better seating as the valve wears. This design 
also helps to make the nozzle self-cleaning, since dirt particles are forced from the seat 
by accelerating the engine just long enough to force an increased amount of gasoline through 
the nozzle. 
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Figure 5-20, Distributor block. 
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Figure 5-21. Typical injector nozzles. 

1. Differences between mcxiels. 

(1) Differences between plunger block assemblies. 

(a) The plunger block assembly originally used in fuel injector pump assemblies 
7973713, 7974093, and 7974355 has six plunger bores arranged in three pairs. Six plungers 
are used, one in each bore, and they are spring loaded by one inner and one outer plunger 
spring in each bore. Plungers are positioned in the bore, threaded end first. Replacement 
plunger block assemblies are described in c below. 

(b) The difference in the plunger block assembly used in fuel injector pump 
assembly 8735882 is that it has three plunger bores, plungers, and inner and outer springs 
for each bore (fig 5-22). 




THH£E.PIUNC«« 
8lOC< ASSEMBLY 



SJX-PIUNGER 
BIOOC ASSEMBIY 



leisure 5-22. Original plunger block assemblie s— fue I injector pump 
assemblies 7973713, 7974093, 7974355, and 8735882. 
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(c) The replacement plunger block assembly for fuel injector pump assemblies } 
7974093 and 7974355 has three larger bores, three larger plungers, and also uses three 
inner and outer plunger springs (fig 5-23). 



LAilO€ 




Figure 5-23. Replacement plunger 
block assembly — fuel 
injector pump assem- 
blies 7974093 and 
7974355, 

(2) Differences between metering head assemblies. 

(a) Physical appearance and functional characteristics of metering head 
assemblies are the chief differences between pump assemblies. Fuel inj'ictor pump 
assemblies 7973713, 7974093, and 7974355 basically have a physically similar metering 
head. Fuel injector pump assemblies 7974093 and 7974355 metering heads, however, have 
additional devices mounted to them. The metering head used on fuel injector pump assem- 
bly 8735882 xs completely different than those used on other fuel injector pump assemblies. 

(b) Immediate identification of fuel injector pump 7973713 metering head 
assembly can be made from presence of a capillary tube and temperature bulb assembly 
mounted to the casting, and absence of an idle adjustment assembly and metering valvo 
assembly. Some early models of fuel injector pump assembly 7974093 may have a gasket 
and plate secured to the obsolete solenoid mounting flar.^e on the metering head. The 
metering head must have this optional construction if there is a hole through the recessed 
aperture into capsule chamber of the metering head. 
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(c) Fuel injector pumps 7974093 and 7974355 metering head assemblies are / 
structurally similar to basic fuel injector pump 7973713 metering head assembly, but have 
additional devices mounted to them with applicable ports and screw holes drilled to receive 

the new connections and mounting screws. They both retain the temperature bulb and 
capillary tube assembly mounted to the metering head. Fuel injector pump 7974093 has a 
long capillary tube, while fuel injector pump 7974355 is shorter in length. Positive identifi- 
cation of a pump assembly can be made by checking the nameplate attached to the pump main 
body. If the manufacturer's part number is 570060. the Ordnance number is 7974093. 
Pump assembly 570062 corresponds to Ordnance part number 79743 55. 

(d) Fuel injector pump metering head assembly 8735882 is structurally 
different than all other metering head assemblies. It is secured to the sandwich piece 
assembly and main body with six metering head bolts, nuts, and washers rather than 
studs. It has no capillary tube and temperature bulb and no devices mounted on it. 

(3) Differences between tuning springs and shims. 

(a) All outer tuning springs are different, although similar in physical 
appearance. Spring rate of each varies from pump assembly to pump assembly and is a 
critical operational variable which affects fuel output. 

(b) Inner tuning springs are also similar in appearance, although completely 
different in spring rate. They vary from pump assembly to pump assembly anH affect the 
fuel output. 

(c) Shims are used to adjust effective length of inner tuning springs. This 
adjustment is made during calibration of the pump assembly. Changing length of inner 
tuning springs affects the point at which springs contact skew shaft servo piston to 
iXence axfal movement of skew shaft. The difference between shims is their thickness, 
which ranges from 0.005 to 0.015 inch. 

5-5 PRINCIPLES OF OPERATION-GENERAL. The SU fuel injection system operates on 
the principle of speed density metering. It senses the variations in engine speed, intake 
manifold pressure, and intake manifold temperature, and meters fuel at the desired rate 
J^r any combination of these variations. Basically, the injection pump is n^ultiplunger a^al 
ype ^th a variable stroke. The main shaft of the pump is spline -coupled to the engine and 
driven at engine cranksh-.ft speed. Mechanical variations on pump action are the result of 
an internal pressure differential. The pump uses oil from the engine lubrication system as 
a medium for this pressure differential. 
5-6. OPERATION OF SMMONDS PUMP. See figure 5-24. 

a. Plunger block assembly. 

(1) Actuation of the plungers in sequc ce in the plunger block is obtained by the 
a.Kial and rotary motion of the wobble plate. 

(2) The length of the plunger stroke determines the amount of fuel that wiU be 
delivered to the cylinders. 

b. Skew shaft and main shaft. 

(1) The wobble plate is fitted over the skewed portion of the skew shaft. The skew 
shaft, in turn, is mounted over the main shaft and is driven by a lobe on the main shaft 
while remaining free to move axially along the main shaft. 

(2) The stroke (displacement) of the pump plunger is dependent on the angular 
position of the wobble plate on the skewed portion of the skew shaft. 

(a) Skew shaft at bottom position - -troke length and displacement is maximum. 

(b) Skew shaft at top position - stroke length and displacement is minimum. 
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Figure 5-24. SU fuel injection pump - functional schematic. 
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(3) One end of the skew shaft forms a servopiston. Two tuning springs act to ^ 
keep the servo and the skew shaft in the down position. 



c. Oil flow, 

(1) Engine lubrication oil is admitted into the pump housing at a point just below 
the wobble plate. The oil is under at least 30 PSI and filtered. 

(2) Oil enters the housing and passes through three slots in the spherical socket 
that supports the wobble plate and acts against the bottom of the servo. This oil pressure 
tends to move the skew shaft servo against the tuning springs toward the top of the housing 
to reduce the amount of fuel metered to engine cylinders. 

(3) Oil under pressure also passes through the servo inlet passage at the lobe of 
the main shaft and up the central bore of main shaft toward the top of the skew shaft. 

(4) Passage of oil out of the main shaft central bore is controlled by the servo- 
valve and spring seat. The position s.' the servovalve is controlled, in turn, by the capsule 
position* 

d. Capsule housing assembly. 

(1) The c?psule unit provides a means of translating intake manifold temperature 
and pressure changes into oil pressure changes across the servosystem, thus positioning 
the skew shaft and regulating plunger stroke length and fuel output. 

(2) The capsule is seated on the servovalve shaft. A ball bearing is provided to 
allow the servovalve to rotate with the main shaft while the capsule remains stationary. 

(3) Externally, the capsule is subjected to intake manifold pressure. A tube 
connecting the capsule to the intake manifold admits manifold pressure to the capcule 
chamber. The capsule is filled with dry nitrogen that contracts or expands according to 
temperature and pressure in the manifold. 

(4) The pneumatic loading of the capsule, as a result of the internal and external 
pressures a id external temperatures, determines its degree of longitudinal expansion and 
^ .determines, through the shaft, how far the servovalve is off its seat. The position of the 
servovalve retards or speeds up the flow of oil to the top side of the servo. 

e. Metering fuel with high manifold pressure. 

(1) Oil enters the housing and acts on the bottom of the skew shaft servo. Oil also 
passes through the main shaft central bore. 

(2) The capsule will contract due to the increased manifold pressure and temper- 
ature. With the capsule contracted, the servovalve will open (tuning spring forces servo- 
valve up) and allow passage of oil to the top of the skew shaft servo. 

(3) Oil pressure will build up on the top side of the servo until the oil pressure on 
top of the servo is equal to the oil pressure on the bottom of the servo. Excess oil is 
metered through the restrictor and into the return oil passage. 

(4) When oil pressure on both sides of the skew shaft servo are equal, a difference 
in pressure will be caused by the tuning springs. Hence, the tuning springs will push the 
servo and skew shaft down. 
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(5) With the skew shaft in a downward position, the wobble plate ball ring will be 
located at the maximum skewness point of the skew shaft. Thus, maximum plunger stroke 
and full delivery will result, 

f. Metering fuel with low intake manifold pressure. 

(1) With low intake manifold pressure, the capsule will be expanded and the servo- 
valve opening will be closed or limited, depending on the degree of manifold pressure, 

(2) With the servovalve restricting the passage of oil to the top of skew shaft servo, 
oil pressure on the bottom of the skew shaft servo will be greater than the pressure on the 
top. The skew shaft will move upward and the wobble plate will be located at the minimum 
skewed point of the skew shaft. Plunger travel and fuel delivery will be decreased. 

(3) V/hen the servovalve is completely closed no oil will pass to the top of the 
servo. The skew shaft will move to the extreme upward position due to oil pressure on the 
bottom of the servo, and no fi:el will flow, 

g. Metering variations due to temperature change. The manifold air temperature 
exerts pressure on the inside of the capsule unit, depending on the temperature of manifold 
air, 

(1) High temperature - capsule tends to expand and restrict servovalve opening 
and, hence, decreases the amount of fuel metered, 

(2) Low temperature - capsule contracts, allowing servovalve to open, which 
results in an increased fuel flow. 

Note. - The relationship of components involved in metering is indicated in figure 5-25. 

h. Fuel flow. At the bottom of the plunger block assembly is the distributor 
assembly consisting of the annular ring and valve. In contact with the plunger block is the 
distributor valve. The plunger block is spring loaded toward the distributor block, and 
the distributor valve is thus held in close surface contact between the two parts. The 
eccentric crank portion of the main shaft fits in the central bore of the distributor valve to 
actuate it. Fuel intake, distribution, and discharge are controlled by position of the 
distributor valve in relation to the plunger chamber holes, distributor block discharge holes, 
and intake chamber, 

(1) Fuel intake. 

(a) Fuel enters the inlet hole on the distributor block under moderate 
pressure. Fuel then passes into the annular passage in the distributor block and is retained 
in a chamber formed by the distributor block annular passage on the bottom and the plunger 
block and 0-ring seal at the top. Fuel and fuel vapor are metered back to the fuel tank 
through the restrictor that is connected to the annular groove. 

(b) .Movement of the main shaft eccentric crank moves the distributor valve so 
that the plunger chamber openings are alined in proper sequence with the open space 
between the distributor valve and the stationary ring gear when the plungers are on their 
intake stroke. Hence, fuel is forced from the fuel chamber into the plunger. 
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Figure 5-25. Functional relationships - main components. 
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(2) Fuel distribution. The pump is capable of providing fuel for a bank of six 
cylinders. Although there are six plungers, they are arranged so that they are paired in 
action and they actually function as three plungers. Most new applications use a three- 
plunger block. To accomplish delivery of the fuel to two alternate engine cylinders from a 
single plunger, the outer teeth on the valve gear are in a ratio of 8 to 1 to the internal teeth 
on the stationary ring gear. The valve gear has eight kidney-shaped ports. As the main 
shaft rotates, the valve gear rotates at one-eighth shaft speed and in the opposite direction. 
The kidney-shaped poits therefore move one -eighth turn from each revolution of the main 
shaft. Since passages are drilled at alternate ends of the ports it is possible to arrange 
for fuel delivery to the outlet ports at the desired time. 

i. Lubrication. There is no separate lubrication system for this pump. Lubrication 
is accomplished by the fuel and the servo oil. 
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SECTION VL SIMMONDS FUEL INJECTION SYSTEM, AUXILIARY 
CONTROLS AND ACCESSORIES 



6-1. AUXILLVRY CONTROLS REQUIRED ON SUPERCHARGED FUEL INJECTED ENGINE, 
a. Idle control device (fig 6-1). 

(1) An idle control device is incorporated' on the injector to allow adjustnnent of 
fuel flow for greater economy at low engine speeds without affecting the basic metering 
curve. 




Figure 6-1. Meter and idle. 
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(2) The basic component of the idle control system is a venturi, the entrance of 
which IS connected by tube B to a hole in the air intake elbow at a point above the closed 
butterCIy valve. The port for this tube on the idle control device is stamped "THROTTLE 
HOUSING. " At conditions other than idle, tube A serves to transmit manifold pressure to 
the capsule chamber. At idle, however, tubejA provides an exit for the venturi. This is 
caused by the higher atmospheric pressure above the butterfly in the air horn that causes 
the air to flow through tube B, unseat the check valve, and exit through tube A (fig 6-1). 
The air flowing through the venturi causes an amplified vacuum at the venturi. Since the 
low pressure area of the venturi is connected by a passage (E, fig 6-1) in the capsule 
chamber, the control pressure induced at idle bleeds off the pressure from the capsule 
chamber. The capsule then expands and restricts the flow of oil through the servovalve 
and the skew shaft will go to a lower fuel flow position. Enrichment at idle is accomplished 
by turning the idle screw to allow bypassing some of the airflow through the venturi, thereby 
reducing venturi action. 

(3) An idle adjustment screw (fig 6-1) controls the position of a bypass needle 
valve. By turning the screw, the degree of lean-out can be adjusted. Turning the screw in 
will lean out fuel delivery, while turning the screw out will enrich it. 

(4) The atmospheric inlet to the venturi is located in the air intake elbow at such 
a point that as the butterfly is opened to increase engine speed above idle, the butterfly 
passes the inlet. This fully exposes the hole to supercharger inlet pressure. When this 
pressure becomes less than intake manifold pressure, the idle device is rendered inactive 
due to the closing of the check valve. Tube A (fig 6-1) then transmits intake manifold 
pressure to the capsule chamber again. 

b. Fuel metering control valve (fig 6-1). 

(1) The basic injector system operates on the principle that airflow (weight of 
air entering the engine at a given time) varies directly to the speed of the engine and the 
density of the entering air. The same volumetric efficiency is assumed for all engine 
speeds. However, the efficiency is not constant, but decreases at high speeds and loading 
conditions. The "droop" of airflow at high speeds would cause the mixture to become 
excessively rich unless some device were used to effect a corresponding "droop" in fuel 
flow; as a result, the fuel metering control valve is used (fig 6-1). In effect, it reduces 
the pressure in the capsule chamber at high engine speeds and allows the capsule to 
expand, thus reducing the fuel flow by closing the servovalve. 

(2) As the engine speed increases to approximately 2,000 RPM the pressure 
developed by the supercharger rises. This pressure enters the capsule chamber through 
line A and is transmitted through passage D in the capsule chamber to the bottom ot the 
diaphragm in the metering control valve (fig 6-1). The top of the diaphragm is vented to 
the low pressure side of the throttle body. Hence, when air pressure is exerted on the 
bottom of the diaphragm it will unseat the needle valve. As the valve is opened, high 
pressure is bied from the capsule chamber into the low pressure line C. Lowering the 
pressure in the capsule chamber allows the capsule to expand and reduces the fuel flow 
output of the injector pump. Tension of the diaphragm spring determines the difference in 
pressure required to unseat the needle valve. Spring tension can be adjusted by a screw 
that bears on the spring. 

6-2. ACCELERATION BOOSTER SYSTEM. 

a. To quickly provide the additional fuel to meet rapid engine acceleration require- 
ments, a booster device is provided (fig 6-2). 
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b. Like the injectors, the booster pumps are mounted on the accessory drive housing 
of the engine, with an internal oil passage in the housing providing high pressure engine 
oil to the boosters. Internal passages also provide an oil drain passage and a vent. The 
booster consists of a large vacuum piston 3 inches in diameter (H, fig 6-2) and a small 
accelerating oil piston 0.8 inches in diameter. Both pistons are mounted on the same shaft. 
The large piston is subjected to intake manifold pressure through tube F (fig 6-2) on one 
side and to atmospheric pressure on the other side through a vent. When the engine is 
running at idle or at any other constant speed, the tension of the internal spring balances 
the force exerted by the atmosphere and maintains the piston in equilibrium. Engine oil 
pressure flows into a chamber formed by the back of the small piston and retainer and is 
metered out to the oil drain passage. Engine oil pressure balances the injector servo oil 
pressure. A sudden rise of manifold pressure at acceleration upsets the equilibrium and 
allows the spring to extend to the full load position. The resulting movement of the large 
piston moves the small piston. The movement of the small piston causes a displacement 
of oil to the top of the injector servopiston through tube G (fig 6-2). The skew shaft is then 
forced to the full flow position. Conversely, a reduction in manitold pressure when engine 
speed levels off permits atmospheric pressure to again move the large vacuum piston. The 
resulting movement of the oil piston reduces the oil pressure on the top of the injector 
servopiston and the skew shaft moves toward the zero fuel flow position. Thus, reduced 
manifold pressure tends to lean the engine fuel mixture during deceleration. 

6-3. APPLICATION OF CONTROLS. The fuel metering control valve and idle control 
device are used in the injection system of supercharged engines only, while the accelerator 
booster pump is used with all military engines incorporating Simmonds fuel injection 
systems. Figure 6-1 is a diagram illustrating the injection system and auxiliary controls 
as applied to the AVSI engine. 

6-4. FUEL INJECTION SYSTEM ACCESSORIES. 

a. Minimum oil pressure valve. Military engines equipped with Simmonds fuel 
injection systems have a minimum oil pressure valve built into the engine lubrication 
system. The valve is designed so that no oil is passed to the engine before the need for 
oil pressure to the injector system pump has been satisfied. This insures an adequate 
supply of oil to the injectors for proper operation of the servopiston under conditions where 
the engine oil pressure would fall below 50 PSI. 

b. Fuel system accessories. 

(1) Fuel tank fuel pumps. Electric centrifugal pumps are located in each fuel 
tank. They deliver fuel at 5 PSI to the main engine pumps. A switch on the instrument 
panel can be set for delivery of fuel from either tank. These pumps are used on the M88 
recovery vehicle and the M48A2 medium tank. 

(2) Titan fuel pump. This pump is used on all military engines employing the 
Simmonds fuel injection system. The Titan fuel pump mounts on the accessory case and is 
driven by engine accessory drive gears. It is a vane type, positive displacement pump and 
IS capable of delivering fueLat 20 PSI to the injector pump. A metering injector pump 
allows fuel in excess to injector demand to be bypassed and returned to the fuel tanks or 
the vapor separator in the case of the M42A1 self-propelled gun. Fuel delivered to the 
injector pump is boosted to 50 to 70 PSI for delivery to injector nozzles. 

(3) Fuel filter. A Purolator fuel filter, model PR 150-Z, is employed to protect 
the injector system against foreign materials that may be present in the fuel. 
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(4) Vapor separator. The vapor separator is used on the M42A1 self-propelled 
gun to eliminate the need for fuel tank return lines. The device is constructed similar to 
a carburetor float chamber. Fuel is pumped into the chamber of the separator where a 
float and needle device maintain a constant level. Fuel is pumped out of the vapor 
separator chamber and into the injector pump by the Titan pump. Fuel in excess of that 
required bv the injector pump is metered back into the vapor chamber. A vapor line vents 
the chamber to the intake of the induction system. For a complete schematic of this 
system see figure 6-3. 

(5) Primer pump. The primer pump is used to aid or supplement the luel injector 
pump during initial or coid weather starts. The primer pump is located below the main 
instrument panel and is connected to a tee in the tank outlet line forward o: the tront fuel 
tank bulkhead and to the primer inlet port on the engine. 

(6) Degasser (idle cutoff). On the AOSl 895-5 and AVI 1790-8 the degasser is of 
the solenoid type and is located on the fuel inlet line, and gas cutoff is accomplisned Der'ore 
fuel enters tne injector pump. It is used to shut off the engine. 

Note. - Figure o-4 is a diagram of the luel injection system of the AVI 1790-b engine. 
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Figure 0-3. Fuel injection system AVSI 895-5. 
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SECTION VII. FUEL INJECTION SYSTEM MAINTENANCE (SIMMONDS) 
7-1. INSTALLATION OF INJECTOR AND TIMING PROCEDURE. 

a. Preinstallation procedures. 

(1) Mounting surfaces must be clean before the installation is made. The gasket 
should be inspected for damage or foreign material that might affect the sealing of the 
joint between the engine mounting pad and the injector. 

(2) Shipping plugs are used to protect all the port openings to exclude foreign 
material. These should be left in place until the unit is installed. 

(2) The mounting position of the injector pump is determined by the position of the 
fuel vent port. It is necessary that the fuel vent port be the highest point of the injector 
pump to allow air bubbles to escape. 

b. AVSI and AVI 1790 engines (fig 7-1). 

Note. - Either the left or right bank injector can be timed first. However, considerable 
effort can be saved if the right bank is timed first. 

(1) Remove IR rocker box cover. 

(2) Remove the power takeoff cover. 

(3) Remove injector pump. 

(4) Turn engine in a clockwise direction until "V Eng-IR-INJ" mark on the fly- 
wheel is in line with notch on housing and IR exhaust valve is open. 

(5) Place pump on workbench, turn "A" port up. and fill with oil or solvent. 

(6) Rotate the fuel injector main shaft in the direction of the arrow stamped on the 
distributor block while observing the oil level in "A" port. 

(7) When the oil level starts to rise, reverse rotation until ^^^^ 
of the splined shaft alines with dot stamped between letters "A or D" on the bottom of the 
distributor block. 

(8) Install injector pump on the studs; slide forward until external ^P^^^^ 
.nternal spline are aiined. If they do not aline, pull pump back about 2 inches, pull adapter 
of: pad 1 inch, and turn internal splines one at a time until they aline. 

(9) The procedure for the left bank is the same as for the right bank. 3e certain, 
however, to use the "V ENG-IL-INJ" timing mark on the flywheel. 

(10) To aline the left bank flywheel timing mark, continue to turn the flywheel in the 
normal direction of rotation for 270° from the right injector timing mark The required 
ZlTcoLL. of .he IL exhaust valve will be achieved automatically ^ 'h^ eU bank 
mjector is timed independently, however, it is necessary to remove the IL rocker box 
cover and proceed as directed for independent ti.ning of the right injector. 
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rii;t:re T-i. SU fuel iniectior. pumi^, 

(11) Instill the !uel in eclor lines to the :aei injector punip. Each port is marked 
Ailh 1 letter. The chart belou int^i^ates \vhich cylinder is suor^aed b\ each perl and is 
orjv.ded \< »'l:!*nnate n^istakes .n connecting the tirbes to their r^roper c\ binder and port. 
The chart ctpplies to both in;ectors and :>^.u5l be loilov-t-d ow^tt.v. 

Note. - '^^ ^a^* thro'tc lubricants or sealing c ^iiipounds on no^^'o Iin^.* iittmcs. 

Fort A \ C D E r 

Cv.inder 1 - ^. o 2 4 
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(12) Install fuel return, oil return, and aaxiliary control lines and make solenoid 
electrical connections. 



7-2. ADJUSTMENTS AND TESTS. 

a. Idle adjustment. \Vhen the engine is warm» set the idle adjustment screws for best 
idling characteristics and balance. Normally, this will be achioved by backing oif .idjustment 
screws one and one-haU turns from the fully closed position. If the idle adjustment shows 
no reaction, check for plugged lines and loose fittings. 

b. Metering control valve adjustment. The metering control valve adjustment must 
not be changed since special equipment is required for recalibration. 

C. Fuel vent plug. This plug must not be tampered with. It has a critical orifice 
which maintains the correct fuel pressure within the pump. The port for this plug is stamped 
*'VENT" on the distributor block. 

d. Titan pump. The fuel pressure at the outlet of the Titan pump should be 18 tc ZZ 
PSI at all engine speeds above 650 RPM. If the pressure is not .vithin these tolerances, 
adjust to 20 PSI at 1,000 RPM by loosening the large hex nut and turning the slotted 
screw—- clockwise to increase the pressure and counterclockwise to decrease the pressure. 
Tighten adjusting nut and lock wire. 

e. Injector nozzles. When the injector nozzles are functioning properly, a slignt 
mouse-like squeak will be audible. I: the squeak is absent, the nozzle is leaking and 
should be replaced, 

f. Vapor separator (found in M42A1 self-propelled, twin 40mm gun vehicle only). The 
vaoor seoarator should pass fuel to the Titan pump at the ''AC" fuel pump pressure ol 3 to 

5 PSI. It this does not occur, investigate the valve seat and G-ring under the cover on the 
•ront o: the vapor separator housing and tollow up with "AC" luel pump output checks, 

7-3. PREVENTIVE MAINTENANCE. Considerable emphasis should be placed on Keeping 
the fuel supply free of foreign matter. Fuel lilters should be checked daily for water or 
other :oreign material. Oil filters should be checked periodically for foreign materials. 
I: evidence ot toreign material is present, the system should be drained and flubhed. Check 
ail lines lor tightness and condition. Loose connections can cause erratic engine operation. 

7-4. TROUBLESHOOTING PROCEDURES - GENERAL. 

a. The injector pumps are precision mechanism.s and are not subject to undue mal- 
junctions if given reasonable care. 

b. Troubleshooting is a svstematic isolation of detective components by rr^^an^ 'vf in 
analysis of vehicle trouble symptoms, testing to determine the defective* component, a-.d 
applying the best remedy. 

C. Intelligent diagnosis procedures will result in savings in time and money. T'le 
defective system shouid be checked first for incipient detects, such as loose lines and 
components, before m.ajor failure is suspected. Question the vehicle driver to obtain the 
maximum number of observed symptoms. The greater the number of trouble symptoms that 
can be evaluated, the easier will be the isolation of the defect. 
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d. The following charts are provided as a guide for diagnosing malfunctions of 
Simmonds tuel injection systems. Do not overlook the possibilil> of malfunctions in related 
systems and components. The chart cannot possibly cover all the possible deficiencies and 
is meant as a guide only. 

7-5. TYPICAL TROUBLES - DIAGNOSIS AND REMEDY, 
a. Engine running rich or emitting smoke. 

PROBABLE CAUSE REMEDY 
Restricted oil supply or low oil pressure. 



Leaking injector nozzles. 

Fuel supf)lv pressure excessively high. 

Leak in manitold line. 

Ice in servo oil (extreme cold weather). 

Rich mixture. Metering valve closed or 
diaphragm ruptured. 

At idle condition - loose lines or leak be- 
tween capsule housing mounting face and 
idle adjustment housing. 

b. LacU of maximum power. 

PROBABLE CAUSE 

Leak m air ■ eduction system (supercharged 
engines). 

L-ow luel supply pressure. 

Throttle linkage iimuing the motion oi the 
throttle butterfly. 

Ir.;eclor pump not properly timed to the 
en^iine. 



Check oil lines tor restriction; check oil 
pressure (minimum 28 PSI). 

Check cylinder head temperatures; replace 
the injector nozzles of the cold cylinders. 

Check vapor separator (M42A1). Readjust 
fuel pump output pressure to 20 PSI at 
1, 000 RPM. 

Check and tighten littings on the lines. 

Heat injector puii^ip. 

Replace mt^terin^; valve assembly. 



Tighten lines, check gasket, and tighten 
mounting scrc\s.s. 



REMEDY 

Check tubing and capsule housing for leaks. 
Tighten all mounting screws and tittin»;'-. 

Check fuel pump output pressure. I: de- 
fective, replace pumps. 

Check throttle linkage and butteriiy opening. 
Correct adjustment. 

Check the timing. Retime if necessarv. 



Oil dilution. 
PROBABLE CAUSE 
Leai' oetvvecn plunger blocr ana uocv . 



REMEDY 

Reoiace the miecior DU:ni^. 
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d. Poor acceleration. 

PROBABLE CAUSE 
Dxrt in injector nozzles. 

Restricted oil supply. 

Leak m air induction system (supercharged 
engines). 

Leaky or defective accelerator booster 
pump. 

Lean mixture. 
Sticking skew shaft. 

e. Engine running lean. 

PROBABLE CAUSE 
Low fuel supply. 
Low fuel pressure. 

Incorrect injector pump calibration. 
Leaking capsule. 

f. Poor idling. 

PROBABLE CAUSE 
Clogged injector nozzles. 



REMEDY 

Run engine at a high RPM Cor a few seconds 
to clear injector nozzles. If this is not ef- 
fective, remove injector nozzles and clean 
or replace as described for poor idling. 

Check oil pressure at injector pump oil 
inlet. Clean or replace oil passage or 
lines. 

Check induction tubing, fittings, and capsule 
housing for leaks. Tighten all mounting 
nuts. 

Check booster pump for leaks or stuck 
piston. Replace pump if necessary. 

Replace injector pump. 

Replace injector pump. 

REMEDY 

Check fuel supply in tank. Fill if low. 

ChecK fuel pressure at injector pump inlet. 
This should be 10 to 20 PSI. Adjust or 
replace pump. 

Replace injector unit. 

Replace injector unit. 



REMEDY 

Run engine at full power to clear injector 
nozzles. 

Check cylinder head temperatures and re- 
move injector nozzle from the cold 
cylinder. Replace with another injector 
nozzle. 
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PROBABLE CAJiSSE 



Low oil pressure 

Pump not properly timed to the engine. 

Lean mixture. Idle adjustment screw 
opened too far. Engine pops at idle. 

g. Injector pump not delivering fuel. This 
to start. 

PROBABLE CAUSE 

Injector pump not driven in direction of 
rotation indicated by the arrow. 

Sheared drive shaft. 

Fuel lines improperly installed for direction 
or rotation. 

Fuel line restricted. 

No fuel pressure. 

Air bubbles in fuel system. 

h. Engine popping under load conditions. 

PROBABLE CAUSE 

Leak between capsule housing mounting' face 
and metering valve body. 

Lean mixture. Metering valve hanging open. 




REMEDY ^ 

Note. - In an emergency, the injector 
nozzle may be cleaned by attaching it to a 
primer pump (or other source of pressure 
capable ot producing 100 PSI) to clean it 
from foreign matter. When clean, the 
injector i'pray pattern will be a smooth 
wall cone. 

Uoie. " Do not take the injector apart or 
turn the pintle in the body. 

Check the lines for restrictions. Check the 
oil pressure delivery to injector pump; 
minimum pressure should be 28 PSI. 

Check the timing. Retime if necessary. 

Turn idle adjustment screw in until popping 
is eliminated. 

trouble is indicated by failure of the engine 
REMEDY 

Check injector pump against appropriate 
technical manual. Install proper pump. 

Replace pump. Return oil pump to ordnance. 

Check appropriate engine manual for fuel 
pipings digram. Install correctly. 

Make certain that the inlet line is not re- 
stricted. Be sure the fuel selector valve 
is turned to the full open position for tank 
in use. 

Check fuel pumps. Replace if necessary. 
Check fuel vent. Clean if necessary. 



REMEDY 

Check gasket. Tighten the mounting screws. 
Replace metering valve assembly. 
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PROBABLE CAUSE 
Leaky Injector nozzle. 

Lean mixture. 



REMEDY 

Remove nozzle suspected of leaking. Blow 
into the nozzle. Escape of air through 
nozzle valve indicates leaking. Replace 
nozzle or nozzles as necessary. 

Replace injector pump. Old pump must be 
reC'- librated. 



7-6. CALIBRATION OF SIMMONDS FUEL INJECTORS USING TEST STAND 4910-817-7431. 
a. General. 

(1) Fuel flow calibration. Fuel flow calibration is the measurement of the fuel 
output of the fuel injector pump on an appropriate test stand. The comparison of this 
measured output with the required output is established by the injector pump s fuel flow 
calibration curve. Adjustments are made on the pump during calibration so that its output 
will fall within the tolerance of the fuel flow calibration curve. All injector pumps discussed 
here are calibrated using the fuel injector pump test stand 4910-817-7431 (fig 7-2). 
Accessories required for testing pumps and nozzles are shown in figure 7-3. Description 

of the test stand is discussed in b below. 

(2) Nozzle testing. Nozzle testing on the test stand includes checking the spray 
pattern, crack pressure, and dribble of the various nozzles used. 

(3) Metering valve calibration. Injector pumps used on supercharged engines 
have a metering valve assembly which must be calibrated after repair and '"ebuild. 
Calibration of this device consists of comparing its pressure regulating function with its 
established calibration curve and is also performed on the test stand. Adjustments are 
made during calibration to make its operation fall within the tolerances of the calibration 
chart. 

b. Description of test stand. 

ID General. The test stand is capable of pretesting, calibrating, and trouble- 
shooting most gasoline, mcltifuel. and diesel fuel injector pumps. This ele.tric powered 
unit is capable of testing all of the fuel injector pumps covered here. Simulated engine 
conditions are obtained from the test stand which drives the pump at engine crankshaft 
speed and permits measurement of its fuel output at varying loads and rotational speeds. 

(2) Test stand main drive. The test stand main drive mechanism is composed of 
a 10 hp motor whose power requirements are 220/440 volts. 60-cycle. 3-phase AC; and a 
variable speed mechanism capable of driving the fuel injector P-^P ^^e^ [Z' RpT Speed 
desired speed, in either direction of rotation, within the range of 150 to 3. 600 RPM. Speed 
of rotation is adjusted by operating the speed adjusting buttons and observing the^7°l"'^°"^ 
per minute indicated on the tachometer. The range of the tachometer is from 0 to 4.000 
RPM. 
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(3) Manifold vacuum pressure system. Simulated engine manifold pressure or 
vacuum is supplied to the fuel injector pump undergoing calibration on the test stand. 
Vacuum or pressure is supplied tc the pump depending upon the position of the vacuum 
pressure reversing valve located on the apper right-hand control panel. The system is 
adjustable to any vacuum or pressure between 5 and 50 inches of mercury (HG>. Vacuum 
IS controlled by adjusting the manifold vacuum regulator knob, which is found on the same 
panel. Manifold pressure is controlled by the manifold pressure regulator knob to the 
right of the vacuum regulator. The amount of vacuum or pressure supplied to the pump 
being calibrated is indicated on the manifold vacuum pressure gage located above tht- 
regulator knobs. The scale of the manifold vacuum pressure gage is calibrated in inches 
of mercury (HG) absolute and has a range of 0 to 60 inches of mercury. The gage also has 

^a manual adjustment to correct for barometric pressure at the test stand location. To 
measure the simulated manifold vacuum or pressure supplied to the injector pump set the 
manifold pressure selector valve to the corresponding position. When the manifold pressure 
capsule chamber pressure selector valve is placed in the capsule pressure position, the 
pressure vtithin the chamber containing the capsule is measured. When the valve is placed 
in the manifold pressure position, the pressure or vacuum delivered to the injector pump's 
manifold pressure connection is measured. 

(4) Controlled heat chamber for temperature sensing bulb. A temperature 
controlled chamber which will hold the sensing bulb is located on the front panel of the 
test stand to the right of the drive coupling. It is used to control the temperature of the 
sensing bulb during calibration of pumps so equipped. The temperature in the chamber 
may be adjusted to any desired setting between ambience and 130^ F, A temperature gage 
located on the right-hand face of the test stand indicates the chamber temperature. 

(5) Fuel and oil supply system. ) 

(a) The fuel supply system consists of an internal supply pump and an 
adjustable fuel pressure regulator knob located on the top left control panel. The delivery 
pressure of fuel from the supply pump is adjustable between 0 and 60 PSI. This pressure 
is read from the 'uel pressure gage above the regulator. Also included in the fuel system 
is an internal 9. 7-gallon fuel tank and three-stage filtering system. 

(b) The servo oil supply system also has an internal supply pomp and an 
adjustable pressure regulator knob located alongside the fuel pressure regulator. The 
delivery pressure of servo oil from the supply pump is adjustable between 0 and 100 PSI. 
This piessure is read from the oil pressure gage above the regulator ki.ob. Also included 
in the oil system is an internal 2-gallon oil tank and one oil filter. 

(6) Air pump. The air pump is used in the vacuum pressure system. The pump 
is driven by the same auxiliary motor that drives the fuel and oil supply pumps. 

(7) Burettes. The test stand is equipped with 12 burettes which are used to 
measure an injector pump's output in cubic centimeters. Each bure'tte will measure up 

to loO cc's. To cause fuel to flow into the burettes, the operator must first select the 500 
count or 1,000 count position on the count selector and push the start count button v^hile the 
pump being tested ir opera'ting at the desired RPM. The counting mechanism will auto- 
matically cause fuel to flow into the burettes for the number of revolutions selected on the 
count selector. When the test is complete the fuel is drained from the burettes by pushing 
the dumping lever to the left of the burettes all the way in. 
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(8) Injector nozzle testing system. 



(a) Since the pressures required to test gasoline nozzles are much less than 
those required lor diesel nozzles, two pumps are provided with the stand* The gasoline 
injector nozzle tester uses the test stand primer pump to supply the fuel pressure required 
to test gas injector nozzles. The tester consists of a pressure gage that reads up to 

160 PSI and a transparent chamber into which the fuel is sprayed. 

(b) Most diesel injection systems employ injector nozzles that open at 
pressures above 2, 300 PSI. A separate pump and special adapters are provided for testi.*g 
these nozzles. 

(9) Test Stand accessories. The necessary drive adapters, lines, nozzles, and 
mounting brackets are provided for testing Simmonds SU, PSB o, PSB 12 BT, and APE 
oBB injector pumps. Additional adapters and other required equipment can be obtained 
for testing most of the fuel injector systems used in modern vehicles. 

c. Preparation of test stand for calibration. 

(1) Before calibrating each pump, make sure that the tuel and oil tanks are filled 
to a safe level. Add calibrating oil to the fuel tank and SAE 30 oil to the oil tank as required. 

(2) When a new test stand is placed into operation and when normal calibration 
maintenance inspections on the test stand are being performed, it will be necessary to check 
the manitoid vacuum pressure gage to read the prevailing wet barometric pressure, 

d. Installing Simmonds SU pump on test stand. 

(1) Select the set of adapters that are designed for use with the Simmonds pump. 
Mount the pump to the mounting bracket and place the pump on the test stand mounting rails, 
making sure that the splines on the drive coupling match, 

(2) Fuel injector nozzles must then be mounted on the test stand and connected to 
the injector pump, using flexible lines. 

(3) One fuel inlet port on the pump must be plugged, the other one connected to the 
test stand outlet marked "FUEL PRESS. " The vent port in the pump is connected to the fuel 
return. 

(4) Cii inlet and return lines are connected to the pump mounting adapter and must 
be connected properly. Connect the outlet marked ''OIL PRESS" to the fitting nearest it on 
the mounting bracket and the other fitting on the mounting bracket to the "OIL RETURN." 

(5) Connect an air line from the outlet on the test stand marked "MANIFOLD 
INLET" to the manitoid air pressure connection on the pump metering head. Make sure that 
all other holes m the head are plugged, or oil and air will escape trom the pump. 

(6) If the pump is equipped with a sensing bulb, the bulb must be placed in the 
heat chamber, 

e. Test Stand operation with fuel injector pump installed. 

(1) Heating test stand fuel, servo oil, and temperature bulb chamber. 
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(a) Turn on auxiliary motor switch to start operation of fuel, servo oil, and 
air pump systems. Servo oil pressure should always be at least 10 PSI higher than fuel 
pressure on gage. If servo oil pressure, as indicated by servo oil pressure gage, is not 
10 PSI higher than fuel pressure, adjust servo oil pressure regulator knob until gage reads 

10 PSI higher than fuel pressure gage. 

(b) Turn on heater switches to energize heater elements in servo oil tank and 
m chamber. Check chamber temperature on gage. Temperature should be 100 F. Check 
servo oil temperature on gage. Temperature must be 170° to 180° F. Temperatures are 
automatically controlled by internal thermostats preset by the test stand manufacturer. If 
chamber and servo oil temperatures are not correct after a suitable aarmup period, consult 
the test stand operator's manual for thermostat adjustment procedures. 

(c) When servo oil and chamber temperatures are correct, increase servo 

011 pressure to 60 PSI by adjusting knob and reading from gage. Adjust fuel pressure to 
20 PSI, using knob and reading from gage. 

Note. - Some variations in fuel and servo oil pressures will be noted during pump fuel flow 
calibration procedures. Small variations are normal and compensation for them 
is unnecessary. 

(2) Starting test stand main drive. 

(a) Shift test stand to high range and push the start button. Push fast button 
and adjust the pump speed to 1,000 RPM. 

(b) Select the 500-count position on the count selector switch. Puli out the 
pumping lever and push the start count button. This wets the burettes and makes possible 
more accurate readings. After 500 revolutions of the pump, the counter is automatically 
reset and the burettes are bypassed by the fuel flow. If no fuel flows into the burettes 
after 30 seconds, stop the test stand and check for proper rotation. 

(c) Push fast button and adjast speed to 1,800 RPM plus cr minus 50 RPM. 
Ail calibration tests are made at this speed. 

f. Fuel flow calibration, Simmonds injector pump No 7973713. 

Note. - This pump is being used as an example. The test procedures for ail Simmonds 
pumps are the same. Only the ft.el output requirem.ents change. 

(1) The fuel flow calibration consists of measuring the fuel output of the pump at 
certain specified absolute wet manifold pressure MAP (maximum absolute pressure) 
settings and comparing this measured output with the output required by the pump's 
calibration curve. If pump output does not fall within tolerances indicated, then it must be 
adjusted as calibration procedures are performed. 

(2) Check for proper connections between pump and test stand. Make sure fuel, 
servo oil, and bulb chamber temperatures are correctly set. Check fuel and servo oil 
pressures. Make sure that temperature bulb is inserted in chamber, i: required. Make 
sure gage is set to compensate for barometric pressure conditions at test stand location. 

(3) Refer to figure 7-4 for the calibration curve. Make a tracing of this curve 
lor plotting points during calibration procedures. Set selector va.ve to manifold pressure 
position. Adjust reversing valve to vacuum position. 
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Note. - Measurements of fuel flow must be made from approximately maximum MAP to 
approximately minimum MAP, and then in reverse order from minimum to 
maximum MAP as indicated in figure 7-4. 
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Figure 7-4, Fuel injector pump No 7973713 fuel 
flow calibration chart, 

(a) Adjust the vacuum regulator so that the gage reads Z9 inches of mercury 
(HG) maximum absolute pressure, a near maximum figure from the curve shown above. 
Pull out the dumping lever and push the start count button. When the fuel stops flowing 
into the burettes, note the amount in each burette and add together. 

Note. - The pump fuel output is collected automatically for 500 revolutions in burettes 

which are calibrated in cubic centimeters. Since the fuel flow calibration curve 
in figure 7-4 is calibrated in terms of cubic inches per 100 revolutions, it is 
necessary to convert the sum of burette readings taken into cubic inches per 100 
revolutions for plotting purposes. To convsrt, divide the sum reading of all 
burettes by 8Z and plot this point on the tracing of figure 7-4. It is necessary to 
luiiow this conversion procedure before plotting any point in subsequent fuel flow 



calibration procedures. 
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(b) The plotted fuel flow points for 29 inches Hg MAP, taken in (a) above, must 
fau on the Z9 inches of mercury (Hg) line and within the parallel curves in figure 7-4. If 
It ctoes, continue with (c) and (d) below. However, if the point is above the upper curve or 
below the bottom Curve, an adjustment of capsule position is necessary. Refer to figure 
7-5 that shows curves taken when capsule needs adjusting, as indicated by dotted line 
curves above or b^low normal curve. 

>;ote. - Capsule position :s adjusted by turning the capsule adjustment nuts (fig T-o; either 
clockwise or counterclockwise. If the nuts are lock wired, break and remove 
locking wire. 
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Figure 7-5. Effects of capsule adjustment on fuel flow calibration curve. 
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(c) If the plotted point is above the upper curve, as shown in exannple figure 
7-5, the pump is supplying too much fuel and the top capsule adjustment nut (fig 7-6) must 
be turned clockwise carefully. This nut bears against cross-pin (E, fig 7-6), Turning nut 
(E, fig 7-6) clockwise causes the cross-pin that is inserted in the stalk of capsule assembly 
(A, fig 7-6) to move the capsule assembly (A, fig 7-6) closer to the sandwich piece 
assembly (F, fig 7-7) and reduce fuel output. Before turning the top adjustment nut, it is 
necessary to loosen the bottom nut (D, fig 7-6) a few turns clockwise. This allows the 
cross-pin to move downward freely. Turn the top adjustment nut carefully clockwise so 
that a slight downward movement of the cross-pin takes place. Turn bottom nut counter- 
clockwise to secure cross-pin. Rerun the fuel flow calibration at 29 inches of mercury 
(Hg) as in (a) above. Plot points on curve tracing. If plotted point is not within tolerances 
shown in figure 7-4, readjust top nut and rerun fuel flow at 29 inches of mercury (Hg) until 
plotted point falls within parallel curves indicated in figure 7-4, The amount of adjustment 
to the top nut is different in each case and only experience will enable adjustments to be 
made quickly, 

(d) If the plotted point is below the lower curve, as shown in example figure 
7-5. the pump is not supplying enough fuel. Turn the top capsule adjustment nut slightly 

(a few turns) counterclockwise. Turn bottom nut counterclockwise to move cross-pin and 
capsule assembly toward top capsule adjustment nut. Repeat adjustments until plotted point 
is within tolerances shown in figure 7-4, 

(e) When 29-inch mercury (Hg) fuel flow point is within tolerance, take fuel 
flow measurements and plot points 28, 26, 25, and 24 inches of mercury (Hg), Follow 
procedures given in (a) above. If all plotted points fall within parallel curves shown in 
figure 7-4, continue calibration and take fuel flow measurements at 22, 20, 17, and 15 
inches of mercury (Hg), If all points fall within curves shown in figure 7-4, the pump is 
properly calibrated, 

(f) However, if plotted points for 28 through 24 inches of mercury (Hg) do 
not tall within tolerances, refer to figure 7-8, Remove pump metering head assembly 
(H, fig 7-7). sandwich piece assembly (F, fig 7-7), and outer tuning spring (C, fig 7-7). 
Replace outer tuning spring (C, fig 7-7), reassemble pump, and rerun steps in (a), (b), 
and (e) above until all plotted points fall within tolerances shown in figure 7-4, 

(g) If points plotted in (e) above for 22 through 15 inches of mercury (Hg) do 
not fall within tolerances, refer to figure 7-9. Remove pump metering head assembly 
(H, fig 7-7), sandwich piece assembly (F, fig 7-7), and inner tuning spring (D, fig 7-7), 
Replace inner tuning spring (D, fig 7-7), reassemble pump, and rerun steps in (a), (b), (e), 
ana (f) above until all plotted points fall within the tolerances shown in figure 7-4, 

(h) If pump carve cannot be brought within tolerances, refer to figure 7-8. 
A distinct bend, or knee, should occur at the MAP point (A) indicated. If bend does not 
occur at proper point, inner tuning spring shim changes are necessary. Remove metering 
head assembly <H. fig 7-7), sandwich piece assembly (F, fig 7-7), and shim(s) (B, fig 7-7) 
from pump. Change shim(s) thickness as necessary (fig 7-10), Reassemble pump and 
rerun steps m la) through (c) above and (a) through (c) below, as necessary to bring all 
plotted points within tolerances shown in figure 7-4, 

(4) After all adjustments have been made and all plotted points fall within the 
tolerances indicated in figure 7-4. the pump is properly calibrated and ready for removal 
trom lest stand. Use following shutdown and removal procedures: 

(a) Reduce test stand main drive speed. 
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Figure 7-6. Original metering head assembly— exploded view. 




A — Pump main body, w/parts— partial 

assembly 
B — Inner tuning soring shim 
C — Outer tuning spring 
T^^\xvci^T tuning spring 
£ — Sandwich piece gasket 
F — Sandwich piece assembly . 
G^Metering head gasket 



H — Metering head assembly 

J — Capsule adjustment cover assembly 

K — No. 8 lockwasher 

L — No. 8x 3/16-inch fillister-head screw 
M — Locking wire 0.0 32- inch dia. brass 
N — Lead seal 
P— No. 10 washer 
Q— No. 10 castle nut 



Figure 7-7. Metering head and sandwich piece assemblies— - partially exploded view. 
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Figure 7-8. Effects of outer tuning spring rate on fuel flow calibration curve. 
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(b) Turn off mam drive switch, heater switch, and a.jxiliary motor switch m 
this sequence. 

(c) When pump is cool enough to handle, disconnect all lines and remove 
from test stand. 

7-7. CALBRATION OF SIMMONDS INJECTOR PUMPS USING TEST STAND 4910-817-7431. 

a. Adapter and bracket. Install l/8-in pipe by 3/8-in ilare fittings in tapped nolcs 
in adapter. Bolt adapter to mounting bracket, using capscrews. uas.iers. and hex nuts 
provided with flare fittings on the bottom between the feet of the mounting bracket. Place 
kssembled bracket a"d adapter on mounting rails with adapter studs toward test stand 
operator. Thread stud on clamp bar into hole on bottom or bracket betv.een mounting 
rails Swing clamp bar across underside of mounting rails and tighte.". hand knob. In using 
test itand for ^irst time install a pump gasket on the adapter. Be sure gasket does not 
cover servo oil holes on adapter or pump. Slide injection pump, with tuel vent up. onto 
adapter studs. Rotate adapter coupling to mesh male pump spline with female adapter 
spline Use washers and hex nuts provided to hold pump to adapter. Place tooth coupling 
on adapter coapling. Loosen hand knob and slide bracket toward test stand drive coupling. 
Aline teeth of coupling and push together. Back off bracket one-sixteenth inch to provide a 
floating coupling between test stand and adapter. 

b. Hose connections. 

(1) Lube oil lines. Connect hose from outlet marked "LUBE PRESSURE" to left 
fitting on bottom o£ adar.cer. Connect another hose for oil return from bottom right fitting 
on adapter to manifo'd outlet marked "LUBE RETURN. " 

(2) Fuel lin^S. Connect hose from manifold outlet stamped "FUEL PRESSURE" 
to one of the pump's fuel inlet ports. Install hose from pump vent opening to manifoia 
outlet stamp'-d "FUEL RETURN. " Do not remove the vent fitting trom the pump as it 
contains ar. orifice necessary to maintain internal pump pressure. 3e sure cap is tight on 
manifold cutlet marked "PRIMER OUTLET. " 

(3) Manifold lines. 

(a) Pumps from unsuper charged engines - connect hose from front panel 
outlet marked "MANIFOLD INLET" to manifold inlet on fuel pump. 

(b) Pumps from supercharged engines: 

L Connect hose from front panel outlet marked "MANIFOLD INLET" to 
port marked "INT~MANIFOLD" on idle control device. 

2. Plug port marked "THROTTLE HOUSING" on idle control device. 

3. Connect hose from panel outlet marked "SUPERCHARGER INLET" 
to port marked ".MET PR" (.metering pressure) on capsule housing. 

4. Plug port marked "ACCEL PUMP" on capsule housing. 
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(4) Nozzles and lines. Install nozzle adapters in accumulators. Push nozzles 
through nozzle adapters and tighten, using 1-3/8-in wrenches provided with test stand. 
Connect nozzles to tabric-covered connecting hoses. Outlet ports on pump are marked 
"A, B, C, *' etc. Connect hose Irom nozzle fartherest from test stand drive shaft to port A, 
Connect next nozzle to port B, etc. working from left to right, 

C. Temperature sensing bulb. Push temperature sensing bulb, if pump is so equipped, 
into sensing bulb chamb-r. 

d. Heating test stand. Turn on auxiliary motor switch to start tuel. iube oil. and air 
pumps. Oil pressure should always be at least 10 PSI higher than fuel pressure, if not. 
immediately increase servo oil pressure with servo oil regulator. Turn on lube oil heater 
switch to energize lube oil heaters. Be sure bulb temperature is 100^ F and lube oil temper- 
ature IS 165° F. or at temperature stated in pump manufacturer's manual, before beginning 
tests. Injection pump will be hot to the touch when at operating temperatures. When bulb 
chamber and lube oil reach desired temperatures, increase iube oil pressure to 60 PSI, 
unless otherwise stated in pump calibration curve, with the lube oil regulator. Set fuel 
pressure at 20 PSI with fuel pressure regulator. Some variation of ' ube oil and fuel 
pressure will be noted as pump calibration is checked; this is normal and need not be com- 
pensated. 

e. Metering valve calibration procedure. This test is performed only on injection 
pumps from supercharged engines^ Metering valve is checked for proper operation by 
measuring the pressure differential in the bellows chdmber while increasing manifold 
pres sure. 

f. Injection pump at operating temperatures and pressures. 

Note. - Pump is not running when making this test. 

(1) Set vacuu.m pressure selector valvo to "PRESSURE. ' 

(2) Set manifold ^.ressure capsule pressure valve to "MAN PRESS.'* 

(3) Refer to metering valve calibration curve (fig 7-11) for pump model under test. 
Vertica* tigures at U,it side oi grapn represent manifold pressure drop. Figures at bottom 
oi graph are the maniioli pressure {test gage) values at which test will be conducted. 
Figures at bottom ot graph are inches Hg above atmospheric pressure; test stand manifold 
pressure gage reads in inches Hg absolute pressure; therefore, :or example, o inches Hg 
on caliorating curve equals 39 in Hg on gage, 7 on curve equals 38 on gage, etc. 

(4) Use manifold pressure regulator to set manifold pressure gage to 39 in Hg. 
In setting .manifold pressure gage with either the manifold vacuum or manifold pressure 
regulators, use care no to overshoot required setting. For greatest accuracy, it is 
desirable to take up any play in gage by moving pointer steadily in one direction - either up 
or down the scale - througn a calibration test. 

(5) Turn manifold pressure capsule pressure valve to "capsul*? pressure." \laniiold 
pressure gage reading should remain at 38 in Hg, 

(6) Return manifold pressure capsule valve to "manifold pressure." 

(7) Use ma-iifold pressure regulator to set nianuold pressure gage to 40 in Hg. 
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Figure 7-li. CalibrAtion chart for metering valve assembly 
used on fuel injector purrip 7^4093* 

(8) Tarn manifold pressure capsule prt^ssure valve to "capsule pressure. " V.aiufoid 
pressure gage reading v.iil tall slightly to indicate manifold pressure drop. (For exampk-: 

^9 -m Hg gage reading minus 1/4-in Hg manilolci pressure drop equals 38-i/4-in gage 
reading. ) 

(9) Repeat steps (t)) and (8) above, changing maniiold pressure ^^ge Settings as 
g.ven or. jottcm o: figure 7-li. Two readings should be- taken at each test point or* the 
metering valve calibration curve. Begin first test run at 39 in Hg "ad progress m sequence 
^0 42-in Hg manifold pressure. Repeat test, starting at 42 :n Hg, -*nd .vcrk doAn m seouence 
:o 39-in Hg manifold pressure. This is general procedure :or :r.'ii-:ni: a Ti^'ti rir.k? vaivr- 
cr.ec.v. Perer to the moteruig viive calibration curve ic r the pun^p ander test for specific 
v,.^ves tc asr-d :or that Dunio. 

g. Adjustment oi luei metering device. 

(1) Rer:^ove *ock-\vir^ an*' Adjusting scre',v cover, 

(2) Holt} :td;usting 5crew Aiih screwdriver anci loost n Iv/c^^tiut. 



(3) Tarn adjusting; scra'.v clockwise- tu DECREASE protsbure drop; ountercxcK- 
%M?e U INCREASE Oi-essure drop. 

(4) Turn dcljuslm^ rcrew until proper curve is achieved. 

(5) Hold admsting screw with screwdriver and tii^hten Iccknut. 

(6) Replace screw cover and lock -wire. 

h. Starting main drive. Turn shutmu crank to nICH position ir.d tursi on raiin a rive 
switcn Ahen temperatures and pressures are at corrov.1 icvcis. Do nut incro<i»>«. le:?t stand 
speea. :>et count selector switch to 500 and operate count pushbutton to lill delivery iine» 
anc: wet inner surfaces oi ouretieb lor greater accuracy in reaamg. When count is :o:npleti. , 
push aurr.pmg lever m lock ;n crain position until calibration run^. If no fuel ilows ir.i ' 
ourettea, cnecK for proper rotation of test stand drive coupling. Use fast pushbutton to 
increase test stand speed to 1,600 RFM for all calibration runs, un.ess other^vise noti u .n 
Dumo manutacturer's manual. 

I. Fuel delivery test procedure. Fuel delivery is checker. C'> measuring u:el f!o » 
while increasing maiiuoid pressure from minimum to n^aMimun. then reversing proeedr*rc 
and measuring ilow while decreasing manifold pressure. It is optional whethi^r test be^,i n 
dt minimum or maximum manifold pressure. A short table oi fuel tlows for various 
Simmonas apoiication is shown ;n tables 7-1 and 7-2. 

(1) Fuel and lube oil pressures and temperature^ tor the pump are the same aS 
:or metering valve calibration. Test stand speed is 1,300 RPM, unless otherwise not^^- in 
manutacturer's manual. 

(2) Set m.aniEold pressure capsule pressure vaive to "MAX PRESS" for mtir^^ 

test run. 

(3) Turn vacuum pressure selector vaive to "VACUUM. " 

(4) Reier to :uei flow calibration table for pump model under test and use vacuum 
regu.a:or valve to set manitolc pressure gage to lowest value on taole. 

(5) V/;th dumping lever in FILL position, push count button to collect uiei. 

(6) '»Vhen *-ount i» comp.ete, record individual bur<.-t:e ^evels ind their sum. 

f7) Repeat steps i4K '^s ana <6) atjove at suitaoie increase^ of manuoid pressure 
tt huhri-i ugare ^iven at leit oi uiel calibration table. Where maniiold pressure is l.;gr.er 
tnan atmospneric pressure, turn vacuum pressure selector va.ve to PRESSURE" and use 
prossxire regulator valve to set manitola pressure gage. 

(8) When nignest MAP on luel curve is reacneci. repeat steps U^, (3), and 
•iOovc- II suitaSi*^ DECREASES m MAP down to the minimum shown on :uel table. Where 
.MAP :...s beiuw atrr-.ospneric pressure, turn vacuum pressure selector vaiVe to 'VACUUM 
anc ase vacuum regulator valve to set maniioid pressure gage. 

(c;) At end oi second test run, com. pa re average tuel data collected with fuel .*ow 
ci.icr«: on taD.e ^nr. Jetern.ini^ w net her or not pump tebted iahs with in acceptable l;miL». 
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Table 7- 1. Fuel Flow Limits - Cubic Centimeters 
500 Pump Revclutions. 



AOl-402-5 



MAP 


60OF. 


70°F. 


80°F. 


90°F. 


lOO^F. 


1 lOOF. 


120OF. 


no^F. 


140°F. 






















14 


64-68 


63-67 


63-67 


62-66 


62-66 


61-65 


61-65 


61-64 


60-64 


17 


77-81 


76-80 


76-80 


75-80 


74-79 


74-78 


73-78 


73-77 


72-77 


20 


86-94 


87-93 


87-93 


87-92 


86-92 


86-91 


85-91 


85-90 


85-90 


24 


117-124 


116-123 


114-122 


113-121 


111-118 


110-117 


108-116 


107-114 


106-113 


26 


139-148 


137-146 


136-145 


135-144 


133-141 


132-140 


131-139 


130-138 


128-136 


28 


161-171 


160-170 


159-168 


157-167 


156-165 


154-163 


153-162 


152-162 


151-161 


AOI-1195-5 


14 


179-190 


178-189 


176-187 


173-184 


172-183 


170-180 


167-178 


166-177 


164-174 


18 


226-240 


225-239 


223-237 


221-235 


220-233 


217-231 


215-228 


214-227 


211-224 


22 


274-291 


273-290 


271-287 


268-285 


267-284 


264-281 


263-279 


261-278 


259-275 


26 


359-381 


356-378 


351-371 


344-365 


341-362 


335-356 


330-350 


327-347 


321-341 


28 


415-441 


414-440 


406-432 


402-426 


399-423 


394-418 


388-412 


386-410 


379-403 


30 


473-503 


471-501 


466-494 


460-488 


457-485 


452-480 


445-473 


443-471 


437-465 


AOI-268-1 


14 


<)3-99 


91-97 


90-96 


89-95 


38-94 


87-93 


86-92 


85-91 


84-90 


18 


123-131 


122-129 


121-128 


120-127 


119-126 


118-125 


117-124 


115-123 


114-122 


22 


154-164 


152-162 


152-161 


151-160 


150-159 


149-158 


148-157 


146-155 


145-154 


26 


201-213 


197-210 


196-2C8 


194-206 


191-203 


190-202 


188-200 


187-199 


186-197 


28 


233-247 


220-243 


227-241 


226-240 


223-237 


221-235 


220-233 


216-230 


215-228 


30 


264-280 


262-278 


260-276 


258-274 


255-271 


253-269 


251-267 


249-264 


247-263 
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Table 7-2. Fuel Flow Limits - Cubic Centimeters 
500 Pump Revolutions, 



/73 



AVSI- 1790-6 



MAP 


60°F. 


70°F. 


80V. 


90^F. 


looV. 


,no°F. 


120°F. 


130°F. 


140°F. 


















i 




14 


143-152 


141-150 


139-148 


135-145 


133-142 


131-139 


127-136 


125- 134^ ' 


123-131 


18 


194-206 


191-202 


189-20 1 


186-198 


184-195 


182-193 


177-188 


174-185 


172-183 


24 


269-384 


267-382 


264-278 


262-277 


259-274 


^157-272 


253-268 


250-266 


248-362 


32 


440-468 


432-459 


426-452 


418-443 


412-435 


404-429 


398-418 


389-411 


382-404 


36 


579-615 


574-607 


565-598 


557-590 


550-384 


544-577 


533-565 


528-558 


5 17-55 1 


40 


717-763 


711-754 


702-747 


697-740 


690-733 


683-725 


673-713 


665-706 


657-699 








AVI- 1790-8 






14 


113- 122 


U2-121 


110-119 


107-116 


106-115 


104-113 


103- 11 1 


102-110 


99- 107 


18 


157-170 


156-169 


154-166 


152-164 


151-162 


149-160 


147-158 


145-156 


143-154 


22 


203-217 


202-216 


199-213 


197-211 


196-210 


194-208 


192-205 


191 - tU4 


1 00 ^ cKjc. 


26 


269-289 


268-285 


262-280 


257-275 


254-271 


250-266 


244-261 


241-258 


236-252 


28 


322-344 


319-341 


315-336 


309-330 


306-327 


30 1-321 


295-316 


292-313 


288-308 


30 


374-398 


372-396 


366-391 


360-387 


358-382 


354-377 


348-37 1 


345-369 


340-364 








AOSI-895.5 






14 


122-140 


127-138 


123-134 


121-132 


118-120 


113-125 


113-123 


110-119 


107-117 


IS 


133-196 


180-193 


178-189 


175-186 


172-183 


168- 181 


160-177 


164-174 


161-172 


24 


263-279 


259-277 


255-274 


252-270 


251-267 


247-264 


240-262 


242-259 


240-236 


32 


-^.51-461 


446-476 


439-466 


434-460 


427-454 


422-447 


410-442 


410-433 


404-430 


36 


564-602 


561-596 


553-588 


548-582 


542-576 


536-570 


530-565 


324-557 


518-550 


40 


675-725 


673-718 


6o6-7 IC 


660-704 


653-697 


650-O90 


044-685 


659-679 


634-C74 
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j. Procedure for shutting down test stand, v/hen testing is <-ompieted, use :»Ioa push- 
outton to reduce speed to lowest point. Turn ott main drive switch, healer switch, ar. . 
auxiiiarv motor switch, in that order. When pump is cool enough to handle, disconnecl luei, 
*ube oil, vacuum, and nozzle lines. Plug all openings to prevent dirt enterin;^ pumo anc 
remove pump from adapter. 

k. Procedure for nozzle testing. Install nozzle checking device. 

L Checking nozzle cracking pressure. 

Operate hand pump to purge line o: entrapped air. 

(2) When nozzle delivers I'uel, insert through rubber stopper into spray cha:r»ber. 

(3) Turn knob on pressure gage and re^ei lazy hand against gage pointer. 

(4) Operate hand pump using slow, steady strokes. Stop pumping at first drop 
of pressure indicated on gage. 

(5) Read cracking pressure shown by laz> hand. Nozzles 570010 and 570025 have 
a cracking pressure betvve*in 50 and 70 PSI, 

m. Spray pattern. 

(1) Operate hand pump with short, rapic strokes and maintain a pressure 10 to 
15 PSI above cracking pressure. 

(2) Observe nozzle spray pattern. Spray cone should be finely atomized and lorm 
a full cone ot approximately 90°, 

n* Nozzle dribble. 

(1) Operate hand pump with slow, steady strokes to maintain a pressure of 40 FSi. 

(2) Nozzle in serviceable condition should not leak more than one drop per minute. 
Leak^^e m e.xcess of this amount indicates dirt under pintle seat or erosion o: pintle Dr 
ood^ . 41 nozzle dribbles, purge nozzle with fuel by m.aking several rapid strokes with hand 
pump. This ill dislodge dirt under seat. After purging with luei, recheck nozzle for 

dr ibb.e. 
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SECTION Vm. FUEL SYSTEM, AVDS 1790-2 ENGINE, M60 VEHICLE 



8-1. GiiMERAL. The intaKC maniiold heater system incorporates tv^o heater boau>s, two 
TCN Ignition coils, two tjoienoid valves, a 90-PSI relief valve, and the associated plumbing 
end. electrical u-iring. As shown m figure 8-1, operation of the vehicle hand purge pump 
must iirst produce a minimum of 90 PSI on the outlet of the pump and the inlet to the tuel 
supply solenoid vaive. When the valve is opened by operation of the electrical switch on 
the hand pump, the :uei is pumped through the primer filter to the two split flow nozzles 
mounted m the heater bodies. The return fuel from the nozzles passes through the return 
solenoid to the top o: the :uel tank in the vehicle. Operation ot tne heater control switch on 
the ha.-.d pump opens both solenoid valves and actuates both ignition units simultaneously. 
Any excess fuel oumoed bv the operator passes through the ^^O^FSI relief valve and purges 
air pockets Jrom' the'main luci system, while maintaining 90^FSI :uei pressure to tne heater 
svstem and boosting the pressure to the injection pump. When the hand pump is operated 
with the heater system not operating, all output from the hand pu.mo passes througti the 
OO-FSI reliei valve and purges vapor from the main fuel system m the normal .^^.anner. In 
either case, the hand pump provi'.es a boost pressure to the injection pump. 

8-2. FUEL SYSTEM - BA.SIC DESCRIPTION. 

a. Basic parts. The fuel system is composed of two interconnected fuel tanks .vith an 
eiectric luel pum.p mounted in each tank, a check valve and tee, a fuel supply on-off valve, 

a s^rin-irv :ilter. a vane-tvpe fuel transfer pump, two secondary tuel lilters, a seconcary 
;uei II octor oooster pump, twelve fuel injector nozzles, a purge pump located in the 
oriver's compartment, a ;:>ani:olG flame heater for cold -weather starting, a crew com.part- 
m.ent heater, and a heate.- electric fuel pump. For emergency fuel tank isolation, there is 
a 3Mnch butterfly isolation vaive located in the fuel tank interc onnec tor hose and a three- 
port return selector and isolation valve located in the main engine fuel return line. A fuel 
transter pump, fuel tank condensate removal system, and four fuel lines for off-vehicle 
engine operations are provided in the vehicle OVE. 

b. Component data for fuel tanks. 

(1) Total capacity - 385 gallons. 

(2) Leit tank - Ib^ gallons. 

(3) Right tank - l^^'^ gallons. 

(4) Construction - riveted and weloed aluminum plate and extrusions. 

C. Electric fuel pump description. The pump ;s manufactured by the Tokhei.m 
Curpo'ration and is the impeller type. The unit is an electrically driven centrifugal pump 
•Ahich 13 submerged in the luel tank. The motor requires 24 VDC (negative ground) with 
an amperage draw ranging oetween 0.8 amperes and 1.4 amperes. The electric m,otor, 
which IS hermetica-ily sealed m a stainless steel housing, rotates an 8-pole disk macnet, 
thereb- transmitting force through the stainless steel bulkhead. This force rotates a 
magnet on the im.peiier snatt, and the impeller "pushes" the fuel forward to the trans.er 
::imo at constant oressure, constant flow. The .motor shait and impeller shaft bearings ar* 
carbcn 'or ionger'lite and require no lubrication. Lift expectancy of the entire unit is 
2,vO0 nours n-hen operating in a temperature range oi -o5 to -lo5° F. 
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d. Data for system components. 




(1) Intertank isolation valve. 

(a) Type - 3 -in butterfly. 

(b) Rated flow - 50 CPI/t. 

(c) Pressure: operating - 4.5 PSI, 

(2) Fuel return selector valve. 

(a) Type - ball rotor. 

(b) Rated flow - 3. 7 GPM. 220 GPH. 

(c) Pressure: operating - 30 PSl. 

(3) Fuel tank electrical fuel pumps. 

(a) Type - iinpeller (tadirect drive, dry motor, hermeUcaliy sealed, 

magnetic coupling). 

(b) Rated capacity - 220 GPH at 3. 75 PSI t.M60Al). 

(4) Check valve. 

(a) Type - double swing-checW. 

(b) Operating pressure - 50 PSl. 

(c) Openmu pressure - 0.2 PSl max. 

(5) Fuel shutoff valve. 

(a) Type - ball rotor. 

(b) Rated flow - 3. 7 GPM, 220 GPH, 

(c) Pressure: operatini; (maximum) - 30 PSl. 

(6) Primary luei filter (cleanabie element). 

(7) Secondary fuel filter (disposable element). 

(8) Parge pump. 

(a; Tvpe - doable acting mainuai. 

fr) PresMirv Developed - over 200 PSl CwVien ?umpin^ fuei). 
(o) Vacuuir. aeveiopea - 17 m mercury mm twV^en pumping aic). 
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(9) Manifold healer spark plug. 

(a) Manufacturer' and model - Scmtiiia Div, beucux Aviition C.;rf>» :..iri No 

iO-32403h; or Cb.anipioii Spark Plug Co, p.xrt 
No £D-S^D %Mth Ao7o izaskut. 

(b) Gap setting - 0.0^4-0. 114. 
8-3. OPERATION OF THE INJECTION SYSTEM. 

a. The pump consists oi Iao individual o-c.Iindor, smgU -plunger , distributcr-iype 
injector pumps integrated into a single 12-c>linuer unit b\ means u! a tandem <ir rar.^e:nent. 
V/ith this arrangement, the distributor head of each individual pump serves one partici.lar 
bank or the engine. The pump is ariven at engine speed and is ioc.ited m the engine vee, 

A h\draaiic advance unit is incorporated in the accessory drive housing oi the engine to 
iutoriatic^Il\ provide a gradual 11^ advance oi injecu^n timing over the s jred rr^n^t , 

b. Al! ot the luel injection lines are the same lenath and are made oi 0. 250-i:.Lh OC, 
i).y4-inch ID, sott annealed tubing. Hole-tvpe nozzles ire used Ailh eight oruicea :or *jven 
;ue! distribution in the open-ty pe-,combustion chambers, 

C, EU-clrie tuei pumps, one In each luel tank, provice/.uci at constant low pr^ ^aJre 
to 'in engme-drivt*n fuel supply putnp uhich supplies :uol u:;cter higher pressure to ihe 
mietUon oump. i ne purj\p then delivers accurately metered quantities oi I'uel under hign 
pressure to the sprav nozzles, through vnhich the luel is m'e^ t^^'i into engizie e>lincera, al 
a ce:inilt* tiiianc m relation to the engine :irin4 cycle anc '..tiiin the requires inieLlion 
period. 

ar 

Note, - The description oi opi'ration given bclo^n is concernec ^vith th.e FSB -type pump in 
genera.. The P&B TZBT-110 GH-4^00A1 injection pump used on the AVDS 1790-2 
en*4ine is a larjj'^r version. Operating principles a!\c runctioning vMtiun the 
ludraiilie heads » re the aanu*. The drive tor plunger reciprocation ana rot.ition 
[or distribution are essentia. !> the s«i:i;e, e.\cer)t the FSB IZBT has tv.o Ihr- o-lobe 
Lains and two quill shafts anc the FSB cA has one quia shaft and one three -loDe 
cam. 

8-4, OPERATION OF THE FUEL INJECTOR PUMP - AMERICAN BOSCH TYPE PSB, 

Individua. neads insure..unn'ormit\ oi fuel delivery, When two are used, they must be 
balanced :or sarre :\o\k. This is done bv means of an ac; ^stable linkage tonnectinu ir.v t\so 
contro. an.l levers. -The cast alui-mnum housing, \%hich supports the camshail anc qulli 
ohail urive, IS recessed to accept the tao hydraulic heads and :s ilao ilant^ec :or :..ounting 
tr.o ^over'it 1. It r.-ts a vertical plane on tiie rear tor mounting to the engine. Fiie t:^vernor 
of the mechanic al-ce:;tr I. ugal, variable speed, internal ai^rinu l>pe is driven cirocll. !ro:ii 
the cmsnait. This :nodel incorporates a luel-limitmg device -vhich momenta riU rre vents 
•^jccessive .wel deliverv at mter.mediate settings. A iriction ^ l^tch is mcorpor^.tec -'ie 
governor ar:vt» .^vstem Ahich is usee lor protectiv>n .n caicr iCv-t .erations. 

Note, - ^01" idvince unit mechanism, see iigure b-^. 
- . - err 
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A - Plunger sleeve 

B - Fuel passage closure plug 

C - Plunger bore screw 

D - Fuel delivery valve 

E - Hydraulic head 

F - Delivery valve cap screw assy 

(pump - 10882645) 
G - Fuel plunger 
H . Hydraulic head spacer 
J - Drive gear thrust washer 
K - Plunger guide 
L - Plunger spring upper seat 
M - Plunger return spring 
N - Plunger lock 
P - Plunger spring lower seat 
Q - Plunger btitton 
R - Tappet roller pin 
S - Camshaft ball bearing 
T - Tappet guide assy 
U . Roller assy 
V - Camshaft 

Vr . Camshaft center bearing 
(pump - 1088Z645) 



X - Camshaft sleeve bearing 

Y - Spring disk 

Z - Friction drive- spider 
AA - Governor weight assy 
BB - Sleeve assy 
CC - Goverxirfr inner spring 
DD - Governor outer spring 
EE - Fulcrum lever assy 
FF - Smoke limit cam 

GG - Adjustable stop plate (pump - 10882645) 
HH - Torque control stop plate (pump - 

10882645) 
J J - Stop plate bridge 
KK • Tappet assy 
hLi - Tappet spring 
MM - Plunger drive spur gear 
NN - Drive gear retainer 
PP - Stop plate (pump - 10912447) 
QO - Droop adjustment screw (pump - 

10912447) 

RR • Delivery valve cap screw (plug type) 

(modified pump - 10882645 trnd pu^p - 
10912447) 



Figure 8-2. Fuel injection metering pump assembly • sectional view. 
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a* Pumping. Fuel enters th-^ pump from the supply system through the inlet connec- 
tion and fills, through two intake ports in the upper bore, that portion of the barrel cav-ity 
between the top of the plunger and the front of the delivery valve when the plunger is at the 
bottom of its stroke. As the rotating plunger moves upward in its stroke under cam action, 
it soon passes and closes the intake ports, trapping and pressuriiizig the fuel and opening 
the spring- loaded delivery valve. As the plunger continues its upward stroke, the fuel that 
IS forced through the delivery valve is conveyed through the communicating ducts to the 
annulus in the plunger, through the vertical distributing slot on the plunger and to that out- 
let duct with which the distributing slot is then registering as the plunger rotates. After 
sufficient upward movement of the plunger, the spill port passes the edge of the control 
sleeve and the fuel under pressure escapes down the vertical hole in the center of the 
plunger and into the sump surrounding the control sleeve, which is at supply pressure. 
With collapse of the pressure in front, the delivery valve then closes, during which action 
the piston portion of the valve blocks the passage before the valve reaches its seat and thus 
performs its function of reducing the residual pressure in the discharge system. This is 
the end of the pumping c/cle. 




MAX. ADV. ENGINE AT J lOO 




FULL RETARD ENGIN?: AT IDLE 

Fiizuro 8-^, Hvdraulic advance unit— principles of operation AVDS M'^'' -2. t-^njinr. 
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b. Metering and control. Quantity of :uel delivered per stroke is governed by / 
variation ot the position oi the control sleeve in relation to the fixed port closing position 
(the point at which the top of the plunger covers the intake ports); as the spill port on the 
plunger breaks over the top edge of the control sleeve, pumping pressure is relieved down 
through the center hole of the plunger, out into the sump surrounding the control sleeve, 
and iuel delivery terminates despite the continued upward movement of the plunger. 

(1) If the control sleeve position is raised, the spill port on the plunger remains 
cov-ered by the sleeve until relatively late in the plunger stroke; hence, the effective stroke 
of the plunger is longer and more fuel is delivered. If the control sleeve position is 
lowered, the spill port on the plunger is uncovered by the sleeve relatively sooner in the 
plunger stroke; hence, the effective stroke of the plunger is shorter and less fuel is 
delivered. 

(2) When the control sleeve is lowered to its extreme point, the spill port on the 
plunger is uncovered by the top edge of the sleeve before the upper end of the plunger can 
cover the intake ports. Under this condition no pressure can be built up even after the 
ports are closed; hence, no fuel can be delivered. This is the shutoff position. 

(3) It will be seen that upward movement of the control sleeve increases the 
quantity of fuel pumped per stroke and downward movement decreases the quantity of fuel 
pumped per stroke until the point of zero delivery is reached. 

Note. - Figures 8-4 through 8-7 show the phases of pumping and metering. 

C. Delivery valve. The delivery valve assembly, situated directly above the pumping 
chamber, assists the metering function by preventing irregular loss of fuel from the 
delivery side of the system to the supply side between pumping strokes. It consists of the 
valve proper, on which is a retraction piston; a tapered seat; the valve body, which receives 
the valve and has a corresponding tapered seat; and the valve spring. After the plunger on 
jts upward stroke closes the ;ntake ports, pressure is created. When this pressure over- 
comes the force oi the spring holding the delivery valve on its tapered seat, the valve opens 
and fuel under pumping pressure flows through it and the distributing passages into the 
injection tubing. When the plunger continues its upward stroke and opens the spill port 
there is a sudden drop in fuel pressure in front of the delivery valve; the force of valve 
spring, combined with the high differential in pressure, acts to return the valve to its seat. 
As the'vaivft starts into its bore the lower edge of its retraction piston enters the valve 
bore and blocks the passage. Further movement of the valve with its retraction piston 
increases the volume on the high pressure by the retraction piston movement (its didpiace- 
ment volume) and consequently reduces the residual pressure in the line. This lowered 
line pressure promotes rapid closing of the injection nozzle valve and diminishes the effects 
OI the hydraulic pressure waves that exist in the tubing between injections, minimizing the 
possibility of nozzle valve reopening prior to the next regular delivery cycle. 

d. Internal spring type governor. The variable speed, mechanical-centrifugal 
governor is attached to the pump and driven through it. The governor shaft has two forged 
flyweights attached to it through lulcrum pins in a spider. As speed is increased, the fly- 
weight's move away from the shaft. Fingers on the flyweights act against a thrust bearing 
on the sleeve to move the sleeve against the governor springs. The sleeve is connected to 
the fulcrum lever through pivot pins in the lever sliding in grooves in the sleeve, so .hat 
as the Sleeve moves the lever moves. The lever is, in turn, connected through a linkage 
to the control sleeve in the hydraulic head to move the control sleeve correspondingly. As 
noted aoove, the position of the control sleeve determines the quantity of fuel delivered. 
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PUMPING ANO METERIN6-PHASE I 

PUMP. iNJEcnoN. lypE m i»t 
m-\m-i ENCiKE 



OlSlllllillllt 




INTAKE 

Figure 8-4. Pumping and metering — phase I. 
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PUMPING AND METERING-PHASE 11 

PUMP. INJECTION. TYPE PSB 12BT 
AyOS-1790-2 ENGINE 




PUMPING AND METERING-PHASE III 

PUMP. INJECTION. TYPE PSB 12BT 
AVDS-1790-2 ENGINE 



SttI 



m nmn 
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CAMlHt 



DELIVERY 



Figure 8-6. Pumping and metering — phase III. 
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PUMPIN6 AND METERING-PHASE IV 

PUMP. IMJECm TYPE PSB 12BI 
AV0S-17M-2 ENGINE 



nan 



rud dui 




\mi\ mi 



END OF DELIVERY 



Figure 8-7, Pumping and metering — phase IV. 
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(1) The fulcrum lever ia pivoted not only at the sliding sleeve but also at its 
lower end to a yoke connected to the operating lever. The operating lever is intended to be 
actuated by a rod from the driver's seat or control panel. Through its connection with the 
fulcrum lever and its linkages to the pump control sleeve, the operating lever's position 
influences fuel delivery and engine speed. 

(2) With the operating iever in a stationary position, the lower pivot of the fulcrum 
lever becomes fixed. If the engine load is increased the speed will momentarily decrease. 
The flyweights will lack the centrifugal force necessary to balance the spring forces on the 
sliding sleeve, which then shifts and moves the fulcrum lever and the control sleeve 
toward increased fuel delivery; the engine thereupon returns to its original speed. If it 
tends to exceed it, caused by a sudden diminishing of the load, the flyweights move farther 
out, their fingers shift the sliding sleeve against the opposing spring forces, the sliding 
sleeve moves the fulcrum lever and control sleeve to decreased fuel delivery, and the 
engine speed is reduced, 

(3) The operating lever is connected to the fulcrum lever by a torsion spring 
bearing at one end against a tang on the operating lever and at the other end against a tang 
on the yoke at the bottom of the fulcrum lever. This torsion spring loads both tangs toward 
each other so that normally the operating lever and fulcrum lever act as though rigidly 
attached. However, when the engine speed differs, as a result of load changes, from that 
which is normal for the operating lever position, the tangs part momentarily until the 
governor picks up the change. This function serves to protect the governor and pump parts 
from unnecessarily high loads and stresses. 

(4) The sliding sleeve is loaded against the forces of the flyweights by two 
governor springs. These springs are of such rate that the action of the flyweights at any 
given speed within the normal range is balanced by the spring forces after the sleeve has 
shifted. Therefore, at any given engine speed there is a corresponding definite sleeve 
position. As a result of this inherent governor stability, speed regulations of 3-1/2 to 5 
percent and 7 to 13 percent are obtainable, depending upon the spring combination used and 
upon the position of the sleeve pivot pin in the fulcrum lever, which is adjustable. 

(5) The fulcrum lever has a smoke limit cam atUched to its upper end which limits 
the maximum fuel delivery, despite operating lever position, by contacting an adjustable 
stop plate, thus avoiding overloading the engine. In tractor applications, especially where 
low speed loads and increased torque are required, the torque, control plate and smoke limit 
cam are adjusted to give a torque buildup at declining speeds. As engine load increases 
beyond the nominal stop setting, the speed decreases and the weights consequently move 
inward toward the shaft, moving the sleeve. This added load separates the tangs of the 
yoke and the operating lever and moves the yoke rearward and upward; the fulcrum lever, 
pivoted at the yoke, moves up with it. The fulcrum lever then pivots about the nose of the 
smoke cam against the stop plate. Since the control rod to the pump control sleeve is 
attached below this new pivot point, its action is opposite from usual and results m more 
fuel delivery and consequently more torque buildup. 

(6) The face of the torque control plate inclines toward the pump at an angle so 
that as the cam nose rides up on it, the torque increases. The cam nose is adjustable and 
the higher it is set on the fulcrum lever, the further upward and inward it rides on the 
torque control plate, thus giving an adjustment of the torque buildup. Further adjustment 
can be made by changing the angle of the torque control plate, and a large increase can be 
had by using a profiled plate, with two surfaces in different planes, tor this function. 
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e. Pump data. 



(1) Type - PSB 12BT-110 GH-4900A1. 

(2) Explanation of type designation. 

(a) PS - single plunger. 

(b) B - type; also indicates that there is a 6mm total plunger stroke and 
that the plunger diameter is in the 10 to 15mm range. 

(c) T - refers to tandem placement of the hydraulic heads. 

(d) 110 - the plunger is 110-tenths of a millimeter or 11mm. 

(e) GK • refers to the type of governor used. 

(f) 4900A - refers to customer specification data. 

(g) 1 - refers to specification code number for speed range, governor springs, 
regulation, and fuel quantity. 

8-5. TESTING PSB 12BT FUEL INJECTION PUMPS. 

a. Sequence of testing. Testing the PSB 12BT pumps follows this general sequence: 

(1) Fuel leakage test. 

(2) Delivery valve test. 

(3) Bleeder valve test. 

(4) Injection pump timing. 

(5) Adjusting fuel delivery of No 1 hydraulic head. 

(6) Balancing fuel delivery from No Z hydraulic head. 

(7) Adjusting high speed and fuel shutoff. 

Note. - The first two tests in the above sequence are performed with nozzle tester 

4910-255-864. The remaining tests are performed on the fuel injection pump lest 
stand 4910-817-7431. 

b. Fuel leakage test. During rebuild of the PSB 12BT pump, all packings are replaced. 
To insure that there is no fuel leakage, the following test is performed. 

(1) Remove the fuel housings and stems and the pump nousing cover irom injection 
pump. Plug the :uei outlet from No 1 hydraulic head, using i/4-in pipe plug. Screw the 
connector stud, stamped N-31, into the hydraulic head inlet. Assemble flexible connector 
\-2 to tne nozzle tester a:;d the connector stud N-31, using connector nut N-4. Position 
the luei piunger drive gear oi No I hydraulic head so its slotted tooth aiines with the punch- 
:r.ar< j>n tne housing bv rotating the camshaft, usmt; camshaft turning wrench 108828«4. 



t 

91 



-. '''!/ 



(2) Operate the nozzle tester, using slow steady strokes, until a pressure of 
400 PSI is read on the gage. DO N'OT allow fuel pressure to exceed 425 PSI. 

(3) Pres sure will now drop slowly. When pressure drops to 350 PSI, time the 
rate of drop to 250 PS!. If time of pressure drop is less than 30 seconds, an internal leak 
is present. Visually inspect for fuel leaks around fuel control unit, hydraulic head, and 
tappet. Fuel leakage at these points indicates a worn control unit or damaged packings 
wh\ch must be replaced, 

C, Delivery valve test. To check delivery valve opening pressure; 

(1) Position plunger so fuel will flow from one of the six outlets of the hydraulic 
head. Use camshaft turning wrench 10882894 to turn camshaft while slowly operating nozzle 
tester. When fuel flows from outlet, secure camshaft turning wrench so camshaft cannot 
rotate. Remove the plunger bore screw from the top oi the hydraulic head and install 
plunger bore adapter N-41, Assemble plunger bore adapter to ilexible connector with 
connector nut N-4, Make sure delivery valve spring seat is screwed tightly into delivery 
valve before making test, 

(2) Operate nozzle tester, using slow steady strokes, while holding plastic spray 
collector cup under outlet port to collect fuel. Delivery valve should open between 250 and 
400 PSI, This is determined by a sudden drop in the reading on the gage of the nozzle 
tester. If delivery valve fails to open within above pressures, the delivery valve spring 
must be replaced, 

(3) Disconnect flexible connector from plunger bore adapter and remove adapters 
and pipe plug from No 1 hydraulic head and repeat leakage and delivery valve test on No 2 
hydraulic, 

d. Mounting pump on the test stand. 

(1) Install the fuel housing and stems on the injection pump, 

(2) Mount injection pump on bracket assembly (A, fig 8-8), using four hex nuts 
and plain washers on bracket mounting studs. Be sure rubber 0-ring is seated in recess 
for sealing lube oil return port. Slide pump coupling hub (C, fig 8-8) on pump camshaft 
and secure with camshaft nut and lockwasher. Slide coupling sleeve (E, fig 8-9) on test 
stand drive hubs. Place pump and bracket on test stand mounting rails and slide toward 
drive hub. Mate sleeve to pump hub. Attach clamp bars and hand knobs (D, fig 8-9) to 
underside of pump mounting bracket and tighten securely, 

(3) When using stand for first tim^/ fill accumulators (A, fig 8-10) two-thirds 
full with test oil before installing nozzles to hasten delivery to graduates when testing, 

(4) Screw nozzles and holders (F, fig 8-8) into accumulators, using nozzle 
adapter wrenches (G, fig 8-9). Do not overtighten as O-ring seal will be distorted, 
breaking seal between holder and accumulator. Do not install high pressure lines. 

(5) Install fuel hose between discharge block marked *'fuel pressure'* and pump 
fuel inlet housing. Connect lube oil hose between lube pressure discharge block and 
pump fitting at left of governor cover. Lube oil return hose is connected between fitting on 
left side of pump mounting bracket and lube return discharge block. Connect remaining 
fuel hose to pump bleeder valve housing and place free end near drain hole in test stand 
drain pan. 
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(6) Place throttle spring (B, fig 8-8) between stud on pump mounting bracket 
and pump operating lever to hold lever in FULL THROTTLE position. 

Note. • Key letters below refer to figure 8-10 unless otherwise indicated. 

e. Bleeder valve test. Turn on auxiliary switch (B) to start test stand fuel pump. 
Turn fuel pressure regulator (C) clockwise until fuel begins to flow from the fuel return 
hose in drain pan. Obstsrve reading on fuel pressure gage (D). If bleeder valve does not 
open at 35 to 38 PSI, adjust by adding or subtracting shims between bleeder valve and 
bleeder valve spring. When bleeder valve opend at correct pressure, turn off auxiliary 
switch (B) and connect free end of fuel hose to discharge block marked "FUEL RETURN" 
for following tests. 

f. Injection pump timing. 

(1) Connect high pressure lines (F, fig 8-9) to pump and nozzle holders. Lines 
are tagged IL, 2L, 3R, etc, for 3ase in connection. Test nozzle and holder assemblies on 
left of test stand represent left-hand bank of engine and would read one through six from 
left to right. Connect these nozzles to No 1 hydraulic head. 

(2) Back off the delivery valve spiing seats in each hydraulic head. 

(3) Turn on auxiliary switch (B) and adjust fuel pressure regulator (C) until fuel 
flows at 30 to 35 PSI. Bleed pump of all air by turning camshaft manually counterclock- 
wise, using coupling sleeve spanner wrench (F, fig 8-9). After pump is bled, turn cam- 
shaft counterclockwise until slotted tooth of plunger drive gear appears in inspection 
window. 

(4) Turn pressure regulator to reduce. pressure to a minimum. 

(5) Disconnect No IR high pressure line from its nozzle and holder assembly. 
Slowly rotate camshaft clockwise until fuel just begins to flow out of No 1 fuel line. Set 
marker on test stand drive shaft to 0°. Continue rotating camshaft clockwise until fuel 
flow stops. This is the port closing position. 

(6) At port closing, the PC mark on the pump hou.«ing should aline with the slotted 
tooth on the plunger drive gear. At the same time, the short tooth must be visible in the 
timing plughole at the front of the pump. Turn off auxiliary switch (B) and connect IR 

high pressure line to test nozzle. 

(7) Repeat above procedure with No 2L fuel outlet to determine the port closing 
of No 1 hydraulic head. Port closing fu-. No 2L fuel outlet should occur 30° after No IR 
fuel outlet. At conclusion of tests tighten delivery valve spring seats. 

(8) It is not necessary to mark the port closing of No 1 hydraulic head. The check 
of No IR fuel outlet is to determine whether or not the internal parts of the injection pump 
have been properly installed and adjusted during pump assembly. 

g. Adjusting fuel delivery of No 1 hydraulic head. Ready the test stand by performing 
the following steps (fig 8-10). 

(1) Turn on auxiliary switch (B). 

(2) Turn on lube oil heat switch (E) to bring oil temperature to ISO^ F on lube 
oil temperature gage (F). 
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(3) Adjust lube oil regulator (G) to obtain 25 to 30 PSI on lube oil pressure gage 

(K). 



(4) Turn on fuel heat switch (I) to bring fuel temperature to 115® to 120° F on the 
fuel temperature gage (J). 

(5) Adjust fuel regulator (C) to obtain 30 to 35 PSI on the fuel pressure gage (D), 

(6) Position fuel dumping lever (K) up, 

(7) Set count selector switch (L) to 1,000. Two revolutions of camshaft are 
necessary for a single injection Trom the pump. Thus, when counter is set for 1,000 ii 
will be equivalent to 500 injection pump strokes, 

(8) Set forward-reverse switch (M) to FORWARD for clockwise rotation of drive 

coupling. 

(9) Turn shifting crank (N) to high range. 

(10) Set pump operating lever in FULL SPEED position. 

(11) Push test stand start button (O) and increase speed to 600 RPM by pushing 
fast button (P). Maintain 600 RPM speed for a 5-minute warmup period. 

(12) After pump warmup, push fast button (P) and increase test stand speed to 
2,440 RPM as indicated on tachometer (Q). ?ush count button (R) and hold momentarily. 
Record delivery for No 1 hydraulic head at end of count. Work on the basis of average 
delivery. Record the delivery of the burettes (S) for No 1 hydraulic head, add them 
together, and divide by six for average delivery. 

(13) It is good practice to use a total of three runs for determining average delivery. 
Use pumping lever (K) to empty burettes (S) after each run. 

(14) Average delivery for No 1 hydraulic head should be 104 to 106 cc. If the 
delivery is above or below this average, remove governor cover and move the torque 
control stop plate by means of the adjusting nut. Continue collecting fuel and adjusting 
torque control stop plate until average delivery falls within 104 to 106 cc. 

h. Balancing delivery from No 2 hydraulic head. Operate pump at 2, 440 RPM as 
outKned above and record average fuel delivery for No 2 hydraulic head. If delivery is 
above or below average delivery for No 1 h/draalic head, adjust the eiastic stop nut un the 
fuel control yoke assembly. 

i. Droop screw adjustment. Operate pump at 1, OOO RPM and adjust droop screw to 
obtain 75 to 77 cc. 

j. Adjusting high speed and fuel shutoff. 

(1) Operate test stand at 2, 570 RPM. Adjust high speed adjusting screw (vertical 
screw to left of operating iever) to obtain 40 to 55 cc. 

(2) Increase test stand speed to check for fuel shutoff. Fuel delivery should cease 
at approximately 2,670 RPM. If not, the high speed adjusting screw and/or governor inner 
spring must be adjusted. 
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(3) Reduce test stMid speed to minimum by pushing slow button (T), When speed 
reaches minimum, push stop button (U) and turn shifting crank (N) to the low range. Start 
test stand and adjust speed to 150 RPM» Set count button (R) and collect fuel in burettes (S). 
Fuel delivery must be at least 40 cc in each burette. 

Idle adjustment. Operate pump at 650 RPM. Set idle adjusting screw to obtain 
Z5 to 27 cc. If this is not possible, the outer governor spring tension must be adjusted. 

1. Solenoid Shutoff test. Operate pump at 2, 440 RPM and start count. Push 24-V 
button to energize solenoid. Fuel delivery should cut off cleanly. 

Test stand shutdown and pump removal. 

(1) Reduce test stand speed to minimum by pushing slow button (T). Push test 
stand stop button (U). 

(2) Turn off tube oil (E) and fuel heat (I) switches. 

(3) Turn off auxiliary switch (B). 

(4) When pump is cool enough to handle, disconnect all lines and remove pump 
from test stand. 

(5) Install governor and pump housing covers. 
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SECTION DC. FUEL INJECTION PUMP (AMERICAN BOSCH 
MODEL PSB 6A) PRELIMINARY TESTING AND 
ADJUSTING 

jvjoie. - For exact specifications and pump models, reter to TM 9-Z9l0-22o-35. For 
identification, see figure 9-1. 

9-L FUEL LEAKAGE. All O-rings must be replaced at overhaul. To insure that 
there is no leakage at the hydraulic heads, filter screw, and control unit, the following 
rest must be performed. 

a* Remove the supply pump, bleeder valve, timing window cover, and fuel supply 
fitting. 

b. Install pump with advance unit onto stand. 

Note. - Do not attach any lines or fittings. 

C, Plug fuel outlet from pump hydraulic head (use l/4-in pipe plug). 

d. Connect nozzle tester FSN 491-255-8641, using the proper adapters, and flex line 
to the fuel supply orifice at the pump hydraulic head. 

e. Turn the pump shaft until scribed-painted tooth is alined with the housing reference 
mark in the timing window, 

f. Slowly actuate the tester until a pressure reading of 400 PSI is attained. 
Note. - Do not allow the pressure to exceed 425 PSI. 

g. The pressure will now drop slowly. When it drops to 350 PSI, time the rate of 
drop to 250 PSI. If the time of pressure drop is less than 30 seconds, an internal leak is 
present. 

h. Visual inspection. 

(1) Check the lube oil inlet T-fitting on the advance unit. Leakage at this point 
indicates that the filter screw O-ring gasket is damaged. 

(2) Presence of oil at the control unit indicates a worn control unit shaft or a 
damaged O-ring. 

(3) Excessive leakage past the tappet assembly only, as observed through the 
supply pump opening, indicates that the head assembly O-ring gasket is damaged or the 
Dump has an excessively worn plunger. 

(4) An external leak at the bottom of the head assembly flange, where it seats on 
the housing, indicates that the rubber O-ring gasket is damaged. 

(5) Remove all of the test fittings and fixtures except the l/4-in pipe plug in the 
fuel outlet side of the hydraulic head; i.e. , after test is valid. 
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9-2. TIMING. 

a. Adjust tuel and lube pressure to a minimum (ccw). 

b. Connect the fuel pressure line from the stand to the inlet side of the hydraulic head. 
C. Connect the lube pressure and drain lines to pump and stand. 

d« Turn the auxiliary motor switch on. 

e» Adjust the fuel and lube pressures to 10 PSI. 

1. Loosen 1/4 -in pipe plug and turn pump shaft manually (bleeding of head is 
essential). Tighten plug. 

g. Turn the auxiliary motor switch off. 

h. Remove delivery valve cap, valve, and spring. Replace cap securely. 
Note. - Use caution so surfaces are not scratched* 

i» Remove cover from advance unit timing window, 

j. Secure operating lever (pump) in FULL LOAD position. 

Note. - Use operating lever retaining spring. 

k. Rotate pump shaft clockwise (normal rotation) until scribed-painted tooth of the 
plunger drive gear appears in the inspection window. 

1. Tarn the auxiliary motor switch on. 

m. Turn pump drive shaft until fuel stops flowing out of No 1 outlet; this is port 
closing. At this point, the scribe mark on the coupling rim must register with the pointer. 
The scribed-pamted tooth in the timing window will be about one tooth off the housing 
reference mark. 

n. Turn auxiliary motor switch off. 

O. This check will also prove whether internal parts of the pump have been properly 
phased. 

p. Replace timing window cover on advance unit. 
Note. - Do not disconnect or remove other adapters - continue. 

9-3. DELiVi:*r{Y VALVE* To check the opening pressure of the delivery valve, the plunger 
.^ust be positioned so the fuel will pass its metering slot and be allowed to flow out one of 
the head outlets. 

a. Tur.i the auxiliary switch on. 

b. Slowly rotate the pump camshaft until fuel flows out the No 1 fuel cutlet in the 
head. Lock camshaft with holding tool. 
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Note. - Pump is on port closing for No 1 outlet. 

C. Turn auxiliary switch off. * 

d. Carefully replace the delivery valve and spring. Secure cap and tighten to 
specification. 

e. Remove the plunger bore screw and screw the delivery valve test adapter into the 
plunger bore. 

Place a 1/4-in pipe plug in the fuel inlet of the hydraulic head. 

g. Connect the nozzle tester FSN 4910-255-8641 to the delivery valve test adapter 
hose and fitting. 

h. Slowly build up the fuel pressure with the nozzle tester while holding a suitable 
container or rag over the No 1 outlet port to catch the fuel. The delivery valve should open 
between 250 to 400 PSI. This is determined by a sudden drop in the reading on the gage of 
the nozzle tester. 

i. Remove the 1/4-in pipe plugs from the hydraulic head and disconnect the nozzle 
tester. Remove the delivery valve test adapter. Replace the plunger bore screw. 

9-4. BLEEDER VALVE, 

a. Replace the bleeder valve assembly to the pump hydraulic head. 

b. Connect fuel inlet line to the pump hydraulic head. } 
C. Place caps over nozzle leakoff fittings on the bleeder valve. 

d. Connect the fuel drain line to the bleeder valve. 

e. Turn the auxiliary motor switch on. 

f. Adjust the fuel pressure regulator knob until fuel flows from the bleeder valve 
drain line* Adjust the bleeder valve to open at 27 to 33 PSI by adding or subtracting shims 
to the valve. Refer to TM 9-2910-226-35 for specific model application. 

g. Turn the auxiliary motor switch off. 

Note. - The bleeder valve must maintain a pressure of approximately 15 PSI at engine idle 
(550 RPM). 

h. Connect the fuel drain line to the stand. 
9-5. FUEL DELIVERY. 

Note. - A fuel compensator known to be calibrated must be mounted on the pump. 

a. Install test nozzles and high pressure lines. 

b. Turn the auxiliary motor switch on. 

C. Turn oil heater switch on to bring oil temperature to 150^ on the oil temperature 
gage. 
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d. Turn ihe oil pressure regulator until an oil pressure of 35 to 45 PSI is obtained 
on the oil pressure gaj?e. 

e» Turn the fuel heater switch on to bring fuel temperature between 1 15° and 120° on 
the tuei temperature gage. 

f. Turn the fuel pressure regulator knob until fuel flows at 27 to 35 PSI as indicated 
on the fuel pressure gage (regulated by bleeder valve). 

2. Set test stand drive counter switch at I, 000. 

h. Set test stand drive rotation switch at the REVERSE position. 

i. Set test stand drive shiftins: lever in high. 

J. Push stand start button and adjust speed to oOO RPM. Maintain this speed for 5 
mintites (warmup time). 

k. Adjust to 2,o00 RPM and record the average delivery. Adjust the fuel deliverv to 
obtain an average reading of 3o to 38 cc on 500 injection strokes (1,000 RPM). If the 
delivery is above or below this average, adjust the guide screw (on compensator). Moving 
the screw into the housing moves the stop plate toward the smoke limit cam and decreases 
fuel delivery. Insure locknuts are tight. 

1. Reduce speed to 1,400 RPM and check for average delivery of 39. 5 to 41. 5 cc. 
Aijain adjust guide screw to obtain proper reading. 

m. Increase speed to 2, 850 RPM. Fuel delivery should stop. Adjust high speed scr^w 
for correct reading. 

Note. - The hiah speed adjustment affects fuel delivery at lower RPM; therefore, a 

combination of adjustments may be necessary to obtain the desired fuel delivery 
readini^s. If :uei flow cannot be adjusted to limits, check the smoke limit cam 
an^le and set to c0°. 

n. Stop test stand and turn shiftinu crank to low range. Acjust speed to 150 RPM 
and checK for fuel delivery of at least 30 cc. A lower readinu would indicate a worn plunger. 

O, Operate pump at 550 RPM and check for fuel delivery of 13 to 14 cc. Adjust idle 
screw :o obtain correct reading. 

p. After this last adjustment the pump is properly calibrated and ready to be removed 
from :he test stand. 
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SECTION X. FUEL DENSITY COMPENSATOR (PSB 6A PUMP) 
10-1. GENERAL DESCRIPTION. The multifuel engine (4c5 

have a significant variation in density and heat value per gallon. Tho character i^Uc s oi cr:e 
tuels used in the engine show a definite relationship betaeen luel viscosity and heatm^i /aluc. 
The fuel density compensator (fig 10-1) takes this into account b\ making the viscosity 
characteristic a sensed variable. In the compensator the fuel Is passed in series tr.ruugh 
two orifices of widely different flow characteristics (sizes), A change in Viscosit\ oi the 
fuel flowing through these orifices causes a pressure drop, moves a servupis: >n t& 

vary the full load stop plate. 
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Figure lO-l, Fuel density compensator - schematic vie-.v, 

10-2. OPERATION. The fuel suppiy is admitted to a pressure reju.ating valve uh«r<. 
supply pressure is reduced to a constant regulated pressure c: 2l ?SI, The :uel fious 
through the first orifice formed by a close fitting piston in a cy.incer. From the serv( - 
pressure cylinder the fuel flows to the second orifice, whict*. is a aharp ecce, acjwStc^t.e 
needle valve. The two orifices working at widely differen: reat: icti'^ns to the :lcv : :ue. 
form a system sensitive to viscosity changes. The pressure ci::erence between tne Iac 
orifices will char.ge the servopressure m direct relationship tc tne viscosit.- o: ti;e :u»-- 
flowing. The position of the spring -loaded piston is varied ir. accorda.*;ce Aitn theSt S4.rvo- 
pressure changes. The piston is connected by a link to tne ec jo -snapea, ixova^.t: vertical) 
stop plate. The stop plate, in turn, serves as a limiting point the smoke limit r',,. rind 
Lulcrum lever travel to the maximum fuel position. Upward movement ol :he stop --^.at*:, 
due to compensator sensing, will increase fuel delivery. 



Note, - Gnlv qualified fuel and electric repairmen are authorizec t^. 
fuel density compensator. 
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SECTION XI* INJECTION PUMP APE 6BB {AMERICAN BOSCH) 



11- L GENERAL. The fuel injection system of the Mack model ENDT 673 engine consists 
of the injection pump complete with governor, injector nozzles and holders, delivery and 
overflow fuel lines, and filters. The injection pump drives a fuel supply pump that draws 
tuel oil through the primary filter and pumps it through the secondary filter to the injection 
pump. The supply pump is equipped with a handpump for priming the fuel system. The in- 
jection pump meters and delivers at high pressure and correct timing all the fuel required 
for engine operation. The governor controls the fuel volume in direct ratio to the position 
of the accelerator pedal. It also prevents overspeeding of the engine when operation is on 
downhill condition. 
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Figure 11-1. Fuel injection pump assembly. 
11.2, OPERATING PRINCIPLES. 

a. General operation. In the Mack model ENDT 673 engine, each cylinder has an 
individual injection pump which meters the fuel and delivers it under high pressure to the 
combustion chamber. The individual pumps are mounted in a common housing, are operated 
by a common camshaft, and utilize the same control mechanism to insure an equal amount 
of fuel m each cylinder at the proper time. Fuel oil is drawn through the primary filter by 
the supply pump. The supply pump forces the fuel through the secondary filter to the injec- 
tion pumps. The supply pump must maintain a minimum pressure of I2-PSI flow from the 
secondary filter. The fuel injection pumps force a measured amount of fuel through high- 
oressure lines to the spray nozzles in the combustion chambers. Excess fuel flov/s from 
Che injection pumps through both an overflow valve rated at 15 PSI and a check valve on the 
common nousing and is returned to the fuel supply tank. Excess fuel in the injection nozzle 
also rerurns to the fuel tank. 
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b. Fuel injection pump. 

(1) The pump is mounted on the engine in such a manner as to permit it to be 
driven by the engine timing gears. The cam lobes on the pump camshaft cause upward 
movement of the plungers, and springs produce the downward movement. The cams are 
arranged to actuate the individual injection pumps in the same sequence as the firing order 
of the engine (1 •5-3«6-2-4). The injection pump camshaft is driven at one-half the engine 
speed on the Mack 4-cycle engine. 

(2) The individual pumps are the lapped plunger, constant-stroke metering bypass 
type. The quantity of fuel delivered to the spray nozzle is regulated by the time that the 
plunger covers the bypass port. The plunger stroke lens^th remains constant at all loads and 
speeds. The injection must be timed to occur 29° BTC as demanded by the requirement of 
the engine. Volumetric control is effected by rotating the plunger. Two ports lead to the 
plunger barrel as shown in figure 11-2; one is the inlet and the other is the bypass port. 
The plunger has a groove around its circumference which has a circular lower ed^^e and a 
helical upper edge. This space is connected to the plunger top by a vertical bypass slot 
allowing any fuel above the plunger to flow into the helical space. Two lugs at the lower 
end of the plunger engage a control sleeve around the plunger barrel. The upper portion of 
this sleeve is fastened to a gear segment which meshes with a horizontal tooth control rack. 
Any movement of the control rack rotates the outer sleeve and plunger, through its lugs, 
relative to the bypass port m the stationary pump barrel. Movement of the control rack 
rotates eB^ch injection pump an equal amount to provide an equal delivery of fuel to each 
cylinder. 
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Figure 11-2. Fuel injector pumping principle. 



ERLC 



2io 

106 




(3) F'^el from the pump fuel sump, under pressure from the supply pump, rushes 
into the barrel as soon as the upper edge of the plunger uncovers the two opposite ports in 
the Larrcl. This action be<^ins during the downward stroke of the plunger, and the ports 
remain oocn as the plunger starts moving upward. When the plunder covers the ports on its 
•lowarc sci-oive. cuttmu off the fuel supply, the pressure exerted on the fuel causes the 
sprma-ioaaec! delivery \alve to unseat, permitting the fuel to discharge into the high- 
orrssurc tubinc which leads to the spray nozzle. The high-pressure delivery of fuel ceases 
as soon as the helix on the plunger uncovers the bypass port in the barrel. At this instant. 
:ne f iei under pressure above the plunger is returned to the sump by way of the vertical 
jroove and che'helix uncovering the bypass port, thereby relieving the pressure on the 
^-^etiverv valve. The delivery valve is quickly returned to its seat by the combined action 

o: Its sorip.g and the great difference in pressure that exists bet\^-een the barrel and the 
nijir.. pressure line. In returning to its seat, the delivery valve performs a double function: 
It prevents excessive draining of the fuel from the high-pressure line, and it relieves the 
pressure :n the high-pressure line. This pressure relief is accomplished by the retreat of 
an accurately lapped displacement piston in the delivery valve. Before the delivery valve 
accnailv resecs/it reduces the pressure in the high pressure line by increasing the volume 
therein by a quantity equal to the volume of the displacement piston. 

(4) The positions of the plunger from no fuel to maximum fuel delivery are shown 
m figures il-3, 11-4, and 11-5. For maximum delivery, the plunger is rotated in the 
oarrel so that it will nearly complete its full stroke before the helix indexes with the bypass 
port. For zero delivery, the plunger is rotated in its barrel until the vertical groove alines 
with tne Sjypass port. In this position, the pressure chamber is connected, through the 
groove, with the sump during the full plunger stroke. Any fuel delivery volume between 
zero and maximum can be obtained by moving the control rack in or out. The movement of 
the control rack causes the plungers to rotate a proportionate amount. The rack controls 
tne position of all six olungers simultaneously, thereby insuring the injection of equal 
amounts of fuel in each cylinder of the engine. 
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Figure 11-4, Fuel injector plunger— normal fuel delivery position* 
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Fii>ure 11-^, Fuel injector plunger — maximum fuel delivery position. 
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(5) The pump is supplied with engine lubricating oil from the engine lubrication 
system onTan intermittent basis, to lubricate the cams, roller bearings, tappet assemblies, 
and governor. The intermittent feed of lubricating oil to the injection pump is controlled by 
the movement of the No 6 tappet assembly. Figure 11-6 illustrates the tappet assembly at 
its highest position, allowing a small quantity of oil to flow into the pump camshaft section 
with each rotation of the camshaft. Figure 11-6 also illustrates the tappet assembly at its 
lowest position, where the lubricating oil inlet is blocked and oil is prevented from entering 
the pump. A lubricating oil drain hole at the drive end of the pump permits excess oil to 
drain back to the engine crankcase while retaining the required amoxint in the pump and 
governor. With this arrangement, it is necessary neither to. add to nor change the lubricat- 
ing oil in the injection pump, and no provision for checking the level is required. 
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Figure 11-6, Fael injector lubrication — tappet raised and oil inlet opened— tappet down. and 
oil inlet cut off. 

c. Injector nozzle and nozzle holder • 

(I) General. For proper engine performance, the fuel oil must be injected into 
the combustion chamber in a definite spray pattern. This is accomplished by the injector 
spray nozzle which is held in the correct position in the cylinder head by the nozzle holder. 
The four-orifice nozzle and holder used in the Mack model ENDT 673 engine is shown in 
figure 11-7. 
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Figure 11-7. Fuel injector nozzle and holder assembly. 
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(2) Operation* The fuel, delivered at the proper time by the injection pump, flows 
througn the high^pressure line and enters the nozzle holder inlet. It then flows through a 
duct in the holder and nozzle body into the pressure chamber of the spray nozzle above the 
valve seat. At the moment the fuel pressure, developed by the injection pump, exceeds the 
pressure exerted by the pressure-adjusting spring, the nozzle valve is lifted off its seat and 
the fuel is forced through the orifices and sprayed into the combustion chamber of the 
engine. As the helix of the injection pump plunger reaches the bypass port, the pump ceases 
to deliver fuel and the pressure spring returns the nozzle valve to its seat. A controlled 
amount of seepage of fuel between the close-tolerance, lapped surfaces of the nozzle valve 
and Its body is necessary for lubrication. This leakage or overflow passes around the 
spindle and into the spring compartment. From here it is returned by overflow lines to 
the injection pump overflow valve, 

d* Fuel supply and hand-primer pumps. 

(1) General, The fuel transfer pump (fig IU8) is mounted directly on the housing 
of the injection pump and is driven by the injection pump camshaft. It is a variable -stroke, 
self-regulating,' plunger-type pump that will build pressure only up to a predetermined point. 
It includes a hand-operated stroke pump for priming the low-pressure fuel system, 

(2) Operation (fig 11-9). As the injection pump cam allows the supply pump 
plunser to be forced by its spring toward the camshaft, the suction effect created opens 
the inlet valve and permits the fuel to enter the spring chamber. As the rotating cam lobe 
drives the plunger against its spring, the fuel inlet valve closes and the fuel is forced by the 
plunger through the cutlet valve and around into the chamber created in back of the plunger 
by Its forward movement. As the injection pump camshaft continues to rotate, it allows 
the compressed plunger spring to press the plunger backward again, forcing the fuel oil 
behind the plunger out into the fuel line leading to the secondary filter and the injection 
pump. At the same time, the suction-effect cycle is repeated. This pumping action con- 
tinues as Ion- as the fuel is being used fast enough by the injection pump to keep the supply 
pressure from rising to the point where it equals the force exerted by the spring on the 
plunge- The pressure between the supply pump and the injection pump holds the plunger 
stationarv aeainst the spring and away from the pump rod. This prevents further pumping 
action until the pressure drops enough to permit the plunger to resume operation. This 
entire cycle is automatic and it continues as long as the engine is running, 

(3) Hand priminp pump. The hand priming pump, attached to the supply pumo at 
►he inlet valve chamber, oermits oriming of the fuel injector pump by manual'/ filling the 
low-oressure siae of the inioction system. Raisins che pump handle creates a vacuum wnich 
m turn lifts the inlet valve off its seat and causes fuel to be drawn into the nand primer 
oumo barrel. On the down stroke tne inlet valve closes and fuel is pumped through che 
suppiv oumo soring chamber to and through the outlet valve. Continued stroking of the 
primina oump will draw in fuel and pump it cut through the low pressure lines to the 
injection oumo. The hand oriming pump must be used to purge the fuel system o: air at 
any time k line is disconnected or a filter changed. It may also be used to assist timing 

of the injection pump. 
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Figure 11-8. Fuel transfer and hand -primer pump — cutaway \-iew. 
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IU9. Schematic diagram illustrating operation of fuel supply pump. 



G. Governor* 

(1) General. Ail dlesel engines require governors to orevent ov^or speeding of the 
u^H -nder light loads. Vehicle diesel engines also require co.itrol of idling speeas. 
S^ncc ^r^scl engine soeed is controlled by the amount of fuel injected, the injectv.n system 
: do.. ..oa to supply" the maximum amount oi f.ol .'hich ...U enable the en,:no to operate 
at l^t^i^^na to 'reach a predetermined ma..imum speed (RPM). ^^--^^^^ 
iL carue were supplied to the cylinders with engine operating at PARTIAL LOAD o. 

O^D • the encine speed would increase beyond the critical operating range anc <-ause 
ole .a-u:; failure or excessive wear. Thus, tne governor mus. .ccurateiv con,,oi tne 
a"o.?.: of fuel injected to control the engine spe^.d. The governor used with the Mac. moael 
rXDT oT3 engine is of the mechamcal or centrifugal ily^-eight t>oe. Tne governor ic 
;-?ar --tiriven by the pump camshaft. 
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(2) Operation. 

(a) The operation of the mechanical governor is based on the centrifugal 
force of rotating weights counterbalanced by springs. When the speed of the engine 
increases, the weights fly outward, pulling with them suitable linkage to change the 
setting of the injection pump control rod. The governor linkage is connected to the injection 
pump in such a manner that the spring moves the control mechanism toward the full-fuel 
position, and the action of the flyweights reduces the amount of fuel delivered. 

(b) A typical variable speed governor is shown schematically in figure 11-10. 
With this type of governor, the operator varies the governor spring tension to control the 
quantity of fuel and does not at any time move the injector control rack directly. The con- 
trol rack of the injection pump is connected to the yoke of the governor in such a manner 
that any movement of the yoke will directly affect the quantity of fuel injected. The spring 
tension is controlled by the operating lever, the move'ment of which is determined by the 
position of the foot throttle. The travel of the operating lever is limited by the idle- and 
maximum -speed screws. With the weights fully collapsed (engine stopped), the spring 
moves the sliding sleeve and yoke so that the fuel injection pump is in the full-fuel position. 
When the weights are fully extended, the sliding sleeve and yoke move to the rear and 
decrease the amount of fuel delivered. 
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Figure ll-iO, Mechanical governor — component locator. 

(c) If the load on the engine is decreased, the engine tends to accelerate. However, 
•vr.en the engine accelerates, the governor flyweights move outward as a result of increased 
centrifugal force. Since the flyweights are in contact with the sliding sleeve assembly, this 
movement causes a Longitudinal movement of the sleeve to the rear. This movement con- 
tinues until an equilibrium is established between the governor spring force and the centri- 
fugal force exerted by the flyweights. This occurs when the engine returns to the original 
speed determined by the position of the foot throttle and its effect un the governor spring. 
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(d) If the load on the engine increases, the engine tends to slow down, thereby 
causing an inward movement of the flyweights. As the weights move inward, resulting in 
reduced force on the sliding sleeve, the compressed governor spring shifts the sl^-eve to 
the front until the spring force and the centrifugal force exerted by the flyweights are 
again balanced. In this way, the yoke, following the movement of the sliding sleeve, 
moves the control rack of the fuel injection pump toward the more-fuel position and 
thereby returns the engine to the preset speed. 

(e) To accelerate the vehicle, depress the foot throttle which, in turn, increases 
the spring tension^ This causes the yoke to pivot to the rear, thereby increasing the supply 
of fuel. The flyweights move outward as a result of increased engine speed and prevent 

the control rack from reaching the fulUfuel position unless the foot throttle is fully depressed 
Deceleration xs accomplished in the reverse manner. Spring pressure is decreased, the 
engine slows down, the flyweights move inward, and a balanced condition between the fly- 
weights and the spring is obtained at a lower engine speed. 

11-3. DESCRIPTION AND DATA. 

a. Model differences. 

(1) Injection pump, model APE 6BB90Q 5036A. 

(a) Model 5036a injection pump is the original equipment furnished on Mack 
model ENDT 673 «jtigine IIGBA 12006PI, FSN 2815-980-7092. 

(b) Model 5036A injection pump includes model GVB 250/1050C 5037B 

governor. 

(2) Injection pump, model APE 6BB90Q 5748A. 

(a) Model 5748A injection pump is the original equipment furnished on Mack 
model ENDT 673 engine IIGBA 12006AP1, FSN 2815-087-2273 and llGBA 12006BPI, 
FSN 2815-045-6865. 

(b) Model 5748A injection pump includes model GVB 250/1050C 5479A governor 

(c) This pump is furnished with a spring-loaded operating lever. No additional 
accelerator retractor spring is required. With the spring lever, both the external fast and 
idle stopscrew stops are removed. 

(3) Governor, model GVB 250/1050C 5037B. 

(a) This governor shift is supported on two ball bearings. The weights have 
two needle bearings each. 

(jb) A splined drive gear and hub assembly driven by the injection pump 
camshaft is used to drive the governor. 

(4) Governor, model GVB 250/ 1050C 5479A. 

(a) This governor shaft is supported by one ball bearing and a Teflon bushing 
in the end cap. The weights are also Teflon-bushed. 

(b) A slip clutch drive gear assembly driven by the pump camshaft is 
required tor usage with the Teflon bushings. 
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b. Interchangeability. Either injection pump assennbly nnay be installed on either 
engine as a complete unit. The Teflon governor cannot be used on model 5036A pump, 
nor can the metal bearing governor be used on the model 5748A injection pump, without 
changing the drive gear assembly and operating level. Hand-primer pumps and supply 
pumps are interchangeable. 

c. Data. 

(1) For IIGBA 12006P1 engine: 

5 Injection pump 

Manufacturer American Bosch 

Model APE 6BB90Q 5036A 

Mack part number 313GC 412? 

Plunger diameter. 9mm 

Governor 

Manufacturer American Bosch 

Model GVB 250/1050C 5037B 

Mack part number 709GB 318 

Nozzle holder opening pressure 2,300-2,350 PSI 

(2) For UGBA 12006 API and I IGBA 12006 BPl engine: 

Injection pump 

Manufacturer American Bosch 

Model APE 6BB90Q 5748A 

Mack part number 313GC 4127A 

Plunger diameter 9mm 

Governor 

Manufacturer American Bosch 

Model GVB 250/1050C 5479A 

Mack part number 70963^ 318A 

Nozzle holder opening pressure 2, 300-2, 350 PSI 

(3) Governed speed 

Fuel load 2» i^O RPM 

No load 2' 250 RPM 

Operating range (most efficient) 1,500-2,000 RPM 

Idling speed 550-575 RPM (min) 

(4) Injection timing, port closing 29^ BTC 

(5) Fuel oil grade 
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11-4. TESTS AND CALIBRATION. 



a. General. 

(1) All components of the fuel injection system must be tested and calibrated, or 
adjusted m a systematic method prior to installing on the engine. Since nozzles are 
required to test the pump, they must bo tested first. The governor speed settings cannot 
be obtained until the injection pump fuel flow has been established. 

(2) The nozzle holders and injection pump assembly are installed as a matched 
set on the original manufactured engine. Each nozzle holder carries the last three figures 
of the injection pump serial number. They are also numbered to show the cylinder location. 
By mating the proper nozzle holders with the correct pump and in proper order, results 
obtamea on the calibration stand will be duplicated when installed on the engine. Failure to 
do this may result in an unbalanced fuel delivery. 

b. Fuel transfer and hand-priming pump. 

Note. - Key numbers in (l)(a) thru (d) below refer to figure lUll unless otherwise 
specified. 

(1) Pressure test. 

(a) Pvemove tappet shell pin (5), tappet assembly (29), and tappet spring (4) 
from fuel pump housing (6). To prevent loss of spindle during leakage test, insert a 

I /8-inch diameter pin through the two holes in base of housing tappet guide. 

(b) Close outlet side of pump with a I /4-inch pipe plug. Connect fuel inlet 
of pump to fuel nozzle rest stand. Pump test oil into pump to a pressure of 300 PSI. The 
minimum time for a pressure drop to 150 PSI is 10 seconds. Oil leakage will be evident 
at the open end of spindle bore. Also, at this time, check the inlet and outlet valves and 
plunger spring screw (23) for leaks. 

(c) If excessive oil leakage is evident at the spindle, replace the spindle. 

(d) Re.move I /8. inch diameter service pin from base of housing, tappet 
spring (4), and tappet assembly (29) in housing (6) and retain, using tappet shell pin (5). 
Stake the tappet shell pin (5) slightly at each end of pin. 

(2) Operating test. 

(a) The operating test is made with the fuel transfer pump and hand-priming 
pump installed on the injection pump mounted in the calibration stand. 

(b) Connect test stand fuel tank to pump inlet port. Install a 0-60 PSI 
pressure gage in the return line. Operate test stand. 

(c) Fuel transfer pump must deliver 20 PSI or greater pressure. 

Note. - In the absence of pressure, the pump may be air-locked. Loosen the outlet valve 
spring retaining screw sufficiently to bleed out all air. Retighten screw. 

(d) With the fuel injection pump at rest, drain fuel lines and reconnect. 
Stroke hand primer until fuel flows. If more than 30 strokes are required or if stem 
leatcs, replace piston packings. 
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Tappet thell roller 
Tappet roller pin 
Tappet ifaell 
Tappet spring 
Tappet inell pin 



Fuel pnmp housing 
ValTe 
S Valye tprinf 
9 ReUininf screw gasket 
10 ValTe inring screw 



11 Handpnmp adapter 

12 Adapter fatket 

13 Valre sprinr 

14 ValTe 

15 Plnncer gasket 

16 Hand primer pump 

17 Bracket assembly 

18 Cross pin 

19 Plunger 

20 Knob sealing washer 



AT 8537 

21 Plnnger preformed packing 

22 Barrel 

23 Plunger spring screw 

24 Plunger screw gasket 

25 Plunger spring 

26 Plunger 

27 Tappet shell spindle 

28 Pipe plug 

29 Tappet assembly 



Figure 11-11. Fuel transfer and hand-priming pump — exploded view. 
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(3) Testing hole -type nozzles. 



Warning. -The penetrating power of atomized oil under pressure is sufficient to puncture 
the skin and may cause blood poisoning. Therefore, hands must be kept away from a 
spraying nozzle. 

• (a) Attach nozzle holder assembly to correct size test stand (fig 11 -IZ). 
Close the pressure gage valve to protect the gage and actuate the test stand lever rapidly 
(about 25 strokes per minute) to expel air from the nozzle and holder and to "settle" the 
spring and nozzle loading column. Open the pressure gage valve one -half turn and depress 
the operating lever slowly to raise pressure. Observe nozzle opening pressure on gage. 
If opening pressure is other than Z,300 PSI, adjust to correct setting. 



CONN£aOR TU8E 




NOZZLE TESTER'4 
4910-255-8641 



PRESSURE 
GAGE VALVE 



PUMP HANDLE 

AT 8554 



Figure 11-12, Nozzle test stand. 

Note. - Protection cover must be removed and locknut loosened prior to makin^z 
adjustment. When adjusted, secure locknut. 

(b) When a new pressure-adjusting spring is used, adjust the opening 
pressure 10 percent higher than specification to a'' ^v for spring set. 

(c) Actuate the operating lever slowly to build up pressure, and as the 
correct opening point is approached, observe the spray orifice of the nozzle. If drops of 
fuel form or oil issues as a stream at pressures lOO PSI below the opening pressure, the 
nozzle is leaking and must be replaced, 

(d) If the assembly passes the leakage test without leaking, the spray pattern 
should be examined. Close the gage valve to protect the gage when lever of test stand is 
actuated rapidly. 
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Note* - Make sure that all holes are open and appear to be spraying the same quantity of 
fuel. 

(e) Operate lever at a rate of approximately 15 strokes per minute. The 
spray formation should be sharp with a rather solid pattern, and the angles formed by the 
individual sprays should be uniform (fig. 11-13), 



GOOD NOZZLE SPRAY 




fOOR NOZZU SPRAY 

Figure 11-13. Nozzle spray patterns: Top — good nozzle spray; lower — 
poor nozzle spray. 

(f) Usually the spray of a hole-type nozzle will be satisfactory if the valve 
seat is tight, valve free, and all spray orifices clean. However, if the nozzle is not in 
good operating condition, the spray pattern will be poor (fig 11-13). If the spray pattern 
cannot be corrected, the nozzle should be replaced. 

(g) The nozzle chatter must be distinct and regular. A sharp, pitched sound 
IS not mandatory , and an occasional skip or variation in the chatter pitch sound is 
acceptable. 

(h) The ''chatter'* test requires that the stroke of the test handle takes approxi- 
mately two seconds. This must be performed with the test stand pressure gage out of the 
line (valve shut off). 

(4) Internal timing. 

(a) Whenever a fuel injection pump has been completely disassembled and 
reassembled, it is necessary that both internal timing and calibration of the pump be 
caecked even though none of the components were replaced. Internal timing for the Mack 
ENDT C'73 engine injection pump is timed for port closing, or the upper end of the plunger 
completely covers the fuel inlet holes in the barrel and no fuel flows from the delivery 
valve* Each delivery valve must close dO°, plus or minus 1/2°, apart in firini^ ordt^r 
sequence, to be properly timed. 
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(b) To time an injection pump, a test stand equipped with a coupling having 
a 3oO° protractor and pointer (FSN 4910-98U2770) is required to check the 60° intervals. 
In addition, a dial indicator and modified delivery valve holder is required to check plunger 
lift to cutoff point. Enlarge delivery valve holder bore to 0. 156 inch. 

(c) Assemble pump to test stand, using flange adapter FSN 4910-981-2771 
(fig 1 1 -14). Block operating lever in full open position. Remove side inspection cover. 
Remove No I delivery valve holder and nut. Also removo delivery valve spring and needle. 
Needle may be easily removed by pumping fuel to lift the needle from the valve. Install 
modified delivery valve holder and nut. Carefully insert 0. I25.inch diameter rod through 
hole until it rests on plunger. Rod must be 3-1/2 inches or longer. Assemble dial 
indicator to read stroke, and set dial at zero for lowest portion of stroke (fig li-l^). 




Figure IU14. Fuel injection pump assembly mounted on test stand. 
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.ns IN 



nUNGER AT 
LOWEST POSITION 




f lUNGEH AT 
fOUT CLOSING 



Note. - 



Figure 11-15, Port-closing dial indicator. 

The delivery valve needle is a lapped and nnated part to the valve body, 
handle the lapped surfaces. 



Do not 



(d) Provide for fuel flow by hand supply pump, gravity feed, or test stand 
pump. Attach fuel line to injection pump. Fuel should flow from No 1 delivery valve. 
Rotate pump in a clockwise direction, when viewed from front, until fuel flow ceases. 
Wipe fuel from holder to better observe fuel action. Fuel will cease the instant the plunger 
covers the fuel inlet port. Read dial indicator. 

(e) If no timing spacers are in the pump, the reading will be greatly above 
specifications. Spacers are not always inserted at the time of pump rebuilding. Timing 
space rs are obtainable in 0. 050-, 0.054-, 0.058-, 0. 062- and 0. 066-inch thicknesses. 
When properly timed, fuel will cease when plunger rises 0. IIS inch, plus 0.010 inch, 
minus 0.004 inch. 

(f) Using plunger spring compressor (FSN 49' 0-977-741 9), rotate camshaft 
to lower tappet and compress spring. Using two narrow screwdrivers, raise tappet knob 
and insert proper tappet spacer under knob. Remove spring compressor, 

(g) Repeat test, setting dial indicator at zero for low point. Fuel should 
cease at specified stroke. If not, replace spacer with thicker or thinner spacer. 

(h) When No 1 delivery valve port closing is corre'ct, set indicator on test 
stand protractor at 0^ at point of port closing. Remove dial indicator, test rod, and 
modified delivery valve holder. Carefully replace delivery valve needle and spring. 
Replace delivery valve holder and nut. Torque to 85-90 lb-£t. 

(i) Proceed to time remaining delivery valves in firing order sequence of 
1-5-3-6-2-4. Test stand indicator should be 60°, 4- 30', at point of port closing. Each 
additional valve must be timed to a multiple of 60°, ^30*. 

(j) After timing all delivery valves, check plunger for bottoming on delivery 
valve by rotating camshaft until No 1 plunger is at highest position. Using narrow screw- 
driver, pry up on plunger. Plunger must be free to move. If plunger is against delivery 
valve, retime pump, using thinner spacer. 
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SECTION Xn. CUMMINS FUEL SYSTEM 

12-1. GENERAL. The NHC.250 Cummins engine (fig 12-1) is new, to the Army inventc ,y. 
The PT (pressvire -timed) fuel system is based on the principle that the volume of liquid 
flow is proportional to the flmd pressure, the time allowed to flow, and the size of the 
passage the liquid flows through. 




Figvire 12-1. NHC-250 engine model. 

12-2. FUEL SYSTEM - BASIC OPERATION. The fuel system (fig 12-2) is composed of 
one fuel tank with a vented filler cap and delivery and return lines going to the fuel supply 
pump from the cylinder heads. Flexible lines connect the tank to the pump. Rigid lines 
connect the pump to drilled fuel supply passageways in the cylinder head. These passages 
deliver fuel to the (PTD) injectors which are the unit type. Moiinted between the fuel tank 
and the fuel supply pump is one disposable type cartridge fuel filter. The PT fuel supply 
pump is manufactured by the Cummins Engine Company and is the pressure-timed type. 
The ptimp is gear driven at engine speed and motmted on the left side of the engine. The 
PT (type Gj^iutfl pump can be identified by the absence of the return line at the top of the 
fuel ptimp. The fuel pump has four main components. 




Figure 12-2. PT.fuel syjtem - fuel flow diagram. 
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a. The gear pump (fig I2.3) draws fuel from the supply tanks and forces it through 
the pximp filter screen to the governor. It is driven by the pump main shaft and contains a 
single set of gears to pick up and deliver fuel throughout the fuel system. A pulsation 
damper moxonted to the gear piimp contains a steel diaphragm which absorbi pulsations 
and smooths fuel flow through the fuel system. From the gear pixmp, fuel flows through 
the filter screen to the governor screen. The PTG pumps are equipped with a bleed line 
which is attached to the engine injector return line, or to the tank, and prevents excessive 
fuel temperature within the fuel pximp. The bleed line functions primarily when the pixmp 
throttle is set at idle speed, but gear pump output is high due to engine operating speed as 
occurs at downhill operation* A special check valve and/or fitting is used in the gear 
pump to accomplish the bleed action. 



b. The governor controls the flow of the fvel from the gear pump, as well as the 
maximum and idle speeds. The mechanical governor is actuated by a system of springs 
and weights and has two functions. First, the governor maintains sufficient fuel for idling 
with the throttle control in idle position; second, it cuts off fuel to the injectors above 
maximxxm rated RPM. The idle springs (in the governor spring pack) position the governor 
plunger so the idle fuel port is opened enough to permit passage of fuel to maintain engine 
idle speed. During operation between idle and maximum speeds, fuel flows through the 
governor to the injector in accordance with the engine requirements, as controlled by the 
throttle and linuted by the size of the idle spring plunger counterbore on the PTG fxiel 
pxxmps. When the engine reaches governed speed, the governor weights move the governor 
plunger, and fuel passages to the injectors are shut off. At the same time, another . 
passage opens and dximps the fuel back into the main pump body. In this manner, engine 
speed is controlled and limited by the governor regardless of throttle position. Fuel 
leaving the pump flows through the shutdown valve, inlet supply lines, and into the injectors, 

C. The throttle provides a means for the operator to manually control engine speed 
above idle as required by varying operating conditions of speed and load. In the PTG pump, 
fuel flows through the governor to the throttle shaft. At idle speed, fuel flows through the 
idle port in the governor barrel, past the throttle shaft. To operate above idle speed, fuel 
flows through the main governor barrel port to the throttling hole in the shaft. 




Figure 12-3 



Gear pump. 
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d. The fu^l shutdown valve (fig 12-4) is located on top of the fuel pump. It shuts off 
fuel to the injectors. With the master switch on, the solenoid opens the valve. With the 
switch off, the spring-loaded valve returns to the OFF position. In case of an electrical 
failure, rotate the manual knob clockwise to permit fuel to flow through the valve. The 
knob is located on the front of the valve. 



5HUT»0OV/N VAlVE 



TACHOMETEK SHAFT 




GEAR PUMP 

PUISAHON OAMPES 



MAIN SHAFT 



lOKl SPRINGS 



ID J ADJUSTING SCREW 
MAXIMUM SPEED SPRING 



^VEINOR PIUNGEK THROTTIE SHAFT 



Figure 12-4. Cross section, PTG fuel pump, 

12-3. POSITIVE DISPLACEMENT FUEL PUMP. TMs pump contains a drive gear and 
snait .vhich is splined to the main drive shaft. An idler gear is located toward a bleed-off 
passaue and check valve fitting. It is important that the correct restriction fitting is 
utilized to insure integral gear pump cooling. A locating notch on the pump body and cover 
is used for assembly and determination of pump rotation. 

12-4. MECHANICAL MAXIMUM SPEED GOVERNOR. This is sometimes called an 
"aatomotive governor" and is a limiting speed type. It is actuated by a system of springs 
and weights and has two functions. First, the governor maintains sxifficient fuel for idling 
with the throttle control in idle position. Second, it cuts off fuel to the injectors above 
ma.xmium rated RPM. The idle springs, in the governor spring pack, position the governor 
plunger so the idle fuel port is opened enough to permit pasafcage of fuel to maintain engine 
icle speed. A governor plunger, guided by a barrel, operates between the toes of the 
governor weights and the governor spring pack. A weight-assist plunger exerts some 
pressure against the governor pUmger to stabilize t^e governor action in the lower RPM 
ran^e. 
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12-5. MECHANICAL VARIABLE SPEED GOVERNOR (MVS) (FIG 12-5). This supplements 
the standard automotive governor. The automotive type governor cannot be expected to 
regulate engine speed below full-load speed and when trying to regulate engine speed by 
reducing t-he throttle position; a slight variation in load from the power take off -driven 
equipment will cause a varying engine speed. For all applications in which the engine is 
driving the power takeoff equipment, and at the same time the operator is not controlling 
the engine speed by maintaining a constant touch with the throttle, a variable speed 
governor must be utilized. A typical application is found on the M816 wrecker. The MVS 
governor assembly mounts on top of the fuel pump, and the fuel solenoid is mounted to the 
governor housing. The governor also may be remote mounted* Fuel from the fuel pump 
body enters the variable speed governor housing and flows to the governor barrel and 
plunger. Fuel flows past the plunger to the shutdown valve and into the injector, according 
to governor lever position (as determined by the operator). The variable speed governor 
CANNOT produce engine speeds in excess of the automotive governor setting. Speeds 
below idle setting may be obtained; however, adjustment settings should not be made for 
less than automotive idle speed* On engine applications requiring a preset MVS governor, 
an air-actuated cylinder is available. This cylinder has a preset Uinch stroke and is 
mounted to the governor in a position to push upon the go/ernor throttle lever. A shorter 
lever should be used with the air cylinder to avoid problems with travel length, RPM 
range, and alinement. An air line under a minimum of 60 PSI, with a 1/8" NPT, is 
required to hook up and activate the governor. Calibration procedures are similar to 
regular pump testing with the exception of certain specifications. 



a. The PT injection system is used on Cummins engines only. 

b. The system uses mechanically operated unit injectors and a variable pressure 
fuel supply pump. 

C. The letters PT that identify both the pump and the system signify pressure-time 
and refer to the method of metering the fuel. 



12-6. NOZZLE IDENTIFICATION (FIG 12-6). 



(1) Looking at an injector assembly, you will notice markings on the plunger, 
injector adapter, and injector cup« These* markings are important for matching parts 
and testing procedures. 



(2) Plunger - date, feed orifice size, and class fit. 



(3) Injector adapter cup hole size and flow code. 



(4) Injector cup - number of holes, size of holes, degree of holes, and date 



(month and year). 
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PTG FUEL PUMP / MVS 
GOVERNOR CROSS SECTION 

CUMMINS NHC-aSO ENGINE 



MAXIMUM 
SPEED SCREW 



SHUT-DOWN VALVE--,. 



MAIN SHAFT 



GOVERNOR 
ASSIST 
SPRING 




PULSATION DAMPER 



■THROTTLE SHAFT 



IDLE ADJUSTING SCREW 



GOVERNOR! / 
iSSIST PIUNGERI 
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IDLE SPRING PLUNGER 
GOVERNOR PLUNGER 



GOVERNOR BARREL 



12-5. Mpchnnical variable spocd governor. 
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I. Cup hole size 2. Flow code 
Size location on injector adapter 





1. Number of holeY" " St— ^ Degree e of holes 

2. Size of holes/ 4. Month 

/ 5. Year 
Size marking on injector clip 



3 

1. Date 

2. Feed orifice size 

3. Class 

Size marking location 
on plunger 

Figure 12-6. Injector markings. 

12-7. CONSTRUCTION OF INJECTORS (FIG 12-7). 

a. Description. 

(1) Injector body. The injector body is a centrally bored body that serves as a 
housing to which all of the injector parts are lap-fitted into or attached to. The body has 
drilled fuel inlet passages and outlet passages. 

(2) Cup. The cup screws onto the base of the body and serves as a storage area 
for the fuel during the metering phase. It has eight drilled orifices that the fuel is injected 
through. 

(3) Adjustable delivery orifice plug. The plug screws into the main body. The 
orifice may be enlarged to allow more fuel into the injector. A screen covers the plug 
for final filtering of the fuel, 

(4) Check ball. The small steel ball that moves to seal off incoming fuel at the 
end of the metering phase. The ball and stop may be replaced without replacing the main 
body. 

(5) Injector spring. The spring returns the plunger to the up position. It is 
lapfitted to the body and has an annular groove that permits fuel to flow through the injector 
and back to the tank for cooling purposes. 
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CUMMINS NHC-2S0 ENGINE 



1 CUP 


13 ADAPTER 


2 CUP RETAINER 


14 SPRING 


3 BARREL 


15 LINK 


4 PLUNGER 


16 FUEL OUT 


5 CHECK BALL 


17 '0' RING 


6 GASKET 


Vi NUT 


7 CLIP 


19 ROCKER LEVER 


8 SCREEN 


20 ADJUSTING SCREW 


9 FUEL IN 


21 PUSH ROD 


10 ORIFICE 


22 TAPPET 


11 ORIFICE GASKET 


23 CAMSHAFT LOBE 



12 couniNG 




Figure 12-7. PTD injector — construction. 

b. Operation. Fuel flows from a connection at the top of the fuel pump shutdown 
valve through a supply line into the lower drilled passage in the cylinder head at the front 
of the engine. A second drilling in the head is alined with the upper injector radial groove 
to drain away excess fuel. A fuel drain at the flywheel end of the engine allows return of 
the unused fuel to the fuel tank. 

12-8. PHASES OF OPERATION (FIG 12-8). 

a. Metering. This phase begins with the plunger just beginning to move downward 
and the engine on the beginning of the compression stroke. The fuel is trapped in the cup, 
the check ball stops the fuel from flowing backwards, and the fuel begins to be pressurized. 
The excess fuel flows around the lower annular ring, up the barrel, and is trapped there. 

b. Preinjection. The plunger is almost all the way down, the engine is almost at 
the end of rhe compression stroke, and the fuel is being pressurized by the plunger. 

C. Injection. The plunger is almost all the way down, the fuel is injected out the 
eight orifices, and the engine is on the very end of the compression stroke. 

d. Purging. The plunger is all the way down, injection is finished, and the fuel is 
flowing into the injector, around the lower annular groove, up a drilled passageway in the 
barrel, around the upper annular groove, and out through the fuel drain. The cylinder is 
on the power stroke. During the exhaust stroke, the plunger moves up and waits to begin 
the cycle all over again. 
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Figure 12-8. Phases of operation. 

12-9. CALIBRATION OF CUMMINS FUEL INJECTOR NOZZLES USING THE FLOW 
COMPARATOR MODEL 67-7057. 

a. The Bacharach model 67-7057 comparator (fig 12-9) is a bench-type comparator. 
It is designed to calibrate and flow test the Cummins PT and GMC unit injectors. The 
comparator is a self-contained unit, operating from a 115-volt AC, single-phase, oO -cycle 
power supply outlet, intended for mounting on a suitable frame or bench, 

O. The comparator incorporates a motor-driven cam box, hydraulic ram cylinders, 
a hydraulic system, injector fuel system, and instrumentation required for flow testing 
the Cummins PT and GMC unit injectors. All major components are conveniently mo-jjited 
on the instrument panel and on the base plate which is also the fuel tank cover. The fuel 
tank holds 10 gallons. In order to maintain constant calibrating oil temperature, a heat 
transfer is built into the fuel tank. 

C. The comparator is supplied with basic accessories for mounting and testing the 
Cummins PT and GMC unit injectors (fig 12-10). The injector to be tested is placed in an 
inverted position between a suitable discharge head and the appropriate size pusher rod 
extension (fig 12-11). It is clamped with a predetermined force by a hydraulic ram cylinder. 
The cylinder is actuated by fuel pressure supplied by a motor-driven fuel pump. The cam 
box includes a two-lobe cam. One lobe is for driving the Cummins PT injector; the other 
is for Detroit Diesel 53 and 71 series unit injectors. The cam lobes are contoured to 
simulate exact engine operating conditions* The cam box may be driven at two different 
speeds merely by shifting the V-belt from one pulley to the other. The speed may be 
further changed by loosening the setscrew of the adjustable pulley and moving the pulley 
away from the motor to increase the speed, or moving the pulley toward the motor to 
decrease the speed. 
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d. Each comparator is fully tested and calibrated at the factory prior to its shipment, 
using the Cummins master injector ST768 and those representing each major injector 
category. 



Stroii* Cotjntmr 



Countor 2 
3ultoo , 



lni«ctor Pr«M«#r« Gou^* 



Roin Pitton 
Lo<kin9 HoihU* 




Fu«l Tonk 



Figure 12-9. Comparator model 67-7057 with Cummins master injector 
ST768 installed* 
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Figure 12-10. Comparator accessories. Figure 12-11. Cummins L-injector mounted 

on comparator. 

12-10. MOUNTING THE PTD INJECTOR IN COMPARATOR, 

a. Lubricate the internal surfaces of the adapter body and injector O-rings with 
Lubriplate. 

b. Back out, or remove, the knurled locating screw from the adapter body. Remove 
clip and inlet screen from the side of the injector if installed. 

C. Aline the injector delivery orifice with the locating screw hole in the adapter 
body. Press injector with hard pressure only into the adapter body until it bottoms. 

d. Insert and tighten the locating screw into the adapter and look down from the 
top of the adapter to see that the locating screw extended into the injector. 

e» Engage adapter body with injector into the adapter plate (YY-68Z4, JC, side up) 
and mount it in an inverted position on the comparator, using pusher rod No 67-1071. 

f« While holding this assembly with one hand, operate the ram motor. Center the 
injector cup under the discharge head. Place ram control valve handle in "press" position. 




=2^f 

g. After the ram piston with the discharge head has clamped the injector in place, 
wait 15 seconds and mechanically lock the piston by moving the locking handle forward. 
Then place the ram control valve handle in »'lock" position and switch off ram motor. 

■ h. Attach swivel connectors to adapter body. The inlet port is the one nearest 
the injector cup. 

12-11. FLOW TESTING THE PTD INJECTOR. 

a. Before regular flow testing of the injectors may be started, the comparator 
must be calibrated using the Cummins master injector No ST768. The Cummins master 
injector must always be tested with the 0. 013-inch orifice installed and the cam shift 
lever in the "cam" position. 

b. Mount the master injector (it is a flanged type) into the correct adapter plate, 
No 5630, so that the plate dowels engage into the injector flange holes. 

C. Grasp v^'ith one hand the injector and adapter plate so that the plunger and link 
cannot drop and place the whole assembly in an inverted position between the guide posts. 
The plunger link must rest against the pusher rod extension, and the slots in the adapter, 
plate must engage the two guide posts over the two spacers. Make sure that the injector 
fuel inlet and outlet ports are positioned so that the inlet and outlet swivel connector can 
be easily attached from the operator's side, 

d. While holding this assembly with one hand, operate the ram motor and with the 
locking handle, lock in position. Turn ram motor switch off. 

e. Attach inlet and outlet swivel connectors to injector. The flange injector 
requires two reducer adapters. 

f. The operating test fuel oil temperature must be 80° F to 100° F. Adjust the 
injector inlet pressure with the pressure regulator to read exactly 120 PSI. Run comparator 
for approximately 30 seconds to purge the air that may be in the system. 

g. Set counter to 1,030 strokes. This is done by raising red lid while depressing 
black reset button and turning the individual digit wheels to the desired number of strokes. 
Now push the counter button and collect oil in the graduate. 

h. Take a total of three readings and find the average. If the volume is below 
132 cc, increase counter setting (use more strokes). If the volume is above 132 cc, 
decrease the counter setting. A change of 15 strokes will result in a volume change of 
about 2 cc. 

i. When the counter has been set to the number of strokes where the master 
injector will flow exactly 132 cc, take two additional readings to insure repeatability. 
The comparator is now considered to be calibrated. Do not alter this counter setting 
and proceed to flow test each injector. 

12-12. INJECTOR SPRAY PATTERN CHECK PROCEDURE (FIG 12-12). 

a. Locate the spray test fixture (ST668) on or near the injector test stand (ST790). 
or another source of 50 PSI constant fuel pressure, so injector inlet connection of the test 
stand will reach the injector to be spray checked. 

b. Attach drain hose to fixture base and place loose end in the test stand drain pan. 
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Figure 12-12. Spray pattern check procedure, 

c. Assemble the cup seal spacer to seat bracket bore {H-2 seat). Place seat H-2 
in seat bracket bore. 

d» Check cup markings for number of spray holes and place applicable target ring 
in base of fixture. The NHC 2 50 engine will have eight holes which will be marked as the 
'^target handle. " 

e. Insert injector into the adapter {ST1058) and remove the plunger assembly and 
spring from the injector. 

f. Install plunger bore plug and seal to protect injector from, dirt and damage. 

g. Install the solid knurled plug in the drain opening adapter {ST1058). 

h. Adjust holddown brackets with injector in fixture seat and tighten thumbscrew. 
Tighten knob against plug and seal in plunger bore so it seals thoroughly. 

j. Attach fuel inlet line from test stand to injector inlet of adapter, 
k. Start test stand and set fuel pressure at 50 PSI. 

1. Shift target ring in base of fixture so one of the spray streams hits center of 
No I or index window. This is the tallest window on the ring. 

m. Each spray stream must hit a window in the target ring* 

n. Each spray stream hits above, below, left, or right of a small window. Shift 
the target ring so No I window is at that stream. If the stream is still outside of No I 
window, the cup is defective or the spray hole is dirty. Clean spray holes with compressed 
air and recheck cup» If the spray pattern is still defective, check to make sure proper 
target ring is being used, or discard cup. 

Note, - For a cup to be acceptable, no more than one stream must require the increased 
tolerance of the No 1 window. 

O. After spray testing, assemble plunger with spring in adapter and store in a 
clean place until ready for flow test* 
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SECTION Xm. CALBRATION OF CUMMINS PTG FUEL PUMP 



13-1. GENERAL. When testing the PTG pump, fuel delivery is not measured in the 
burettes of the 10 hp test stand. Instead the total output volume of the pump is routed 
through the auxiliary flow panel (fig 13-1). Fuel quantities are indicated by a float, whilo 
the variable pump pressures and vacuum are shown on corresponding gages. The'test 
stand fuel supply pump is not utilized when calibrating PTG pumps. 




Figure 13-1. Test stand with flow panel. 
13-2. AUXILIARY FLOW PANEL. 

a. The flow panel may be attached to eif'^^r side of the test stand (fig 13-2). 

b. Fuel readings are taken by observing the relative position of a float device within 
the rotameter. A graduated glass tube shows a range of 1 . 0 to 10. 0 .x 100 (times one 
hundred) m PPH (pounds per hour). The fuel pressure gage with flow control valve or 
pressure regulator range's from 0 to 300 PSL A four-way selector valve allows routing of 
fuel when conducting a specific test. The three valve positions for normal pump testing 
are from left to right: rotameter, leakage test, and idle. Other control and connection 
points are a bypass valve, a pressure gage outlet, fuel input, fuel outlet, and leakage test 
outlet fittings. The complete auxiliary flow panel modification kit is listed under 

FSN 4910-763-7495. 



135 



ERIC 



24^ 



Figure 13-2. Flow panel. 

13-3. PUMP MOUNTING, 

a* Bracket and hardware. 

(1) Mount ddapter ring ("top" mark) to adapter bracket. 

(2) Flange-fit and secure pump to bracket assembly. 

(3) Place assembly on test stand rails and slide toward drive coupler. 
Note. - A special stand drive shaft coupler and star wheel must be used. 
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(4) Aline and engage pump to shaft coupler and (allow for 1/16'* clearance) 
tighten clamp bar. 

b. Hose connections. 

(1) Install Jump inlet adapter and/or suction valve at gear pump inlet. 

(2) Connect No 8 hose from test stand fuel outiet/suction valve to pump inlet 

adapter. 

(3) Connect vacuum gage to small flare connector at pump inlet adapter. 

(4) Connect dual line from pressure gage auxiliary panel to pump outlet fitting 
at solenoid. 

(5) Connect No 8 hose from flow panel fuel outlet to test stand fuel return. 

(6) Connect No 4 hose (plastic) from pump cooling port to flow panel auxiliary 
fuel inlet. 

(7) InstaU nozzle adapter in accumulator chamber nearest to flow panel and 
connect line from leakage test outlet. 

13-4. TEST AND CALIBRATION. Tests on the PTG pump are divided into the following 
steps: 

a. Gear pump suction test. 
Note. - Do not turn on auxiliary motor switch during tests. 

(1) With main power switch closed, turti on fuel heater (80° to 100° F). 

(2) Range selector to HIGH. 

(3) Direction of rotation REVERSE. 

(4) Open bypass valve, suction valve, and flow control valve. 

(5) Selector valve to ROTAMETER. 

(6) Throttle to full forward. 

(7) Start test stand and operate at 450 to 500 RPM. 

(8) Observe fuel flow in flow meter. If air bubbles are present, move throttle 
between full fuel and idle position. If bubbling persists, check for air leaks. 

(a) Check all lines and connections. 

(b) Apply lubricant to weep hole at pump drive cover and tachometer drive 
to detect leaks. 

(9) With speed at 500 RPM, slowly close suction valve ontil 15 inches Hg is 
indicated on vacuum gage. A lower reading indicates leaks or aefective gear pump. 
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Vacuum adjustment (fig 13-3). 




(1) Close bypass valve. 



(2) Open suction valve and fuel flow valve. 

(3) Increase speed to 2, 000 RPM. 

(4) Slowly close suction valve until 8 inches Hg is indicated on vacuum gage. 

Note. - Suction valve will remain in this position for all further tests since the pump is 
calibrated with a simulated fuel filter restriction of 8" Hg. 

c. Total fuel flow. 

(1) Increase pump speed to rated 2, 100 RPM. 

(2) Gradually close fuel flow control valve until the flow meter indicates 
340 Ib-hr at 171 to 176 PSI manifold pressure. 

(3) Reading is taken at lower edge of float cone. Multiply face value by 100 for 
correct reading, 

(4) If fuel pressure does not fall within tolerance range of 171 to 176 PSI with 
rated flow of 340 Ib-hr, remove throttle shaft restriction plunger. Remove shims to 
increase pressure. Set pressure from 3 to 6 PSI above maximum (176 + 3 to 6). 

Note. - Rear throttle screw is used for final adjustment, 

d. Governor cutoff RPM. 

(1) With all controls in the same position, increase pump speed until fuel 
pressure just begins to drop. This should take place at 2, 130 to 2, 150 RPM. 

(2) Add shims at governor high speed spring (outer spring pack) to raise speed. 
Each 0.00 I -in shim = 2 RPM. 

(3) Increase test stand speed until fuel pressure drops to 40 PSI. This should 
take place at 2, 300 RPM. 

e. Checkpoint two. 

(1) Lower speed to 1,400 RPM and check for 220 Ib-hr at 91 to 97 lb fuel 
pressure. Compensate by adjusting flow control valve. 

(2) If not within specifications, the governor plunger and/or weight assist plunger 
is defective. 

1. Weight a'-^sist pressure. 

(1) -Check :^r low speed torque. 

(2) At 300 RP.M, check for 35 to 41 PSI with 120 Ib-hr of fuel flow. Compensate 
with flow control valve. 

(3j Ada shims under weight assist plunger to raise pressure. Pump must be 
recaliorated. 
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g. Throttle leakage test. 

(1) Reduce speed to 500 RPM. 

(2) Turn selector valve to leakage test position. 
Note. - Open bypass valve. 

(3) Set test stand count selector to 1,000. 

(4) Increase speed to 2, 100 RPM and move throttle to idle position. 

(5) Push START COUNT button and observe fuel collection in burette. 

(6) Repeat count; delivery per count should be 15 to 17 cc. 

(7) Adjust front throttle screw in to increase delivery. 

(8) Monitor pump temperature. To avoid excessive heat, move throttle to full 
fuel position to allow circulation of fuel. 

h. Idle fuel pressure. 

(1) Reduce speed to 500 RPM. 

(2) Close bypass valve. 

(3) Turn selector valve to IDLE position. 

(4) With throttle at idle position, fuel pressure should indicate 26 PSI, 

(5) To increase pressure, remove pipe plug in spring pack cover and turn idle 
screw clockwise with special tool (ST). 

i. Pump removal. 

(1) Shut down test stand. 

(2) Drain and remove pump. 

(3) Seal all openings. 

Note. - When mounting the pump on an engine, slight adjustments of manifold pressure 
and idle pressure can be made. However, a correction of more than 5 PSI 
manifold pressure calls for calibration of the pump assembly. 

13-5. CALIBRATION OF PTG PUMP WITH MVS GOVERNOR MOUNTED* 

a. Move both throttle levers to full fuel position. 

b. Back out maximum speed screw (top screw). 

C. Set suction restriction to 8-in Hg at 2, 000 RPM. 

d, .-Adjust fuel flow at rated RPM to specific 2, 100 RPM; 340 Ib-hr at 171 to 176 PSI. 
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e. Check automotive governor setting by increasing RPM until fuel pressure drops 
(2, 120-2, 140 RPM). Make correction at governor high speed spring, 

f. Adjust MVS governor after setting automotive governor as follows: 

(1) Operate pump at maximum rated speed, 

(2) Turn maximum speed screw (top screw) of MVS governor in until manifold 
pressure starts to drop, 

(3) From this point, one turn out v/ill be required to set the MVS governor 
slightly above the automotive governor, 

g. Make idle adjustment with MVS governor as follows: 

(1) With throttle shaft in idle position, check for 26 PSI fuel pressure at 
500 RPM. Adjust idle pressure in spring pack housing. 

(2) With automotive idle adjusted, move throttle shaft to full fuel position and: 

(a) Move MVS throttle to idle position, 

(b) Adjust idle screw (rear) to 26 PSI fuel pressure. 




Figure 13-4. Testing PTG pump with MVS governor. 
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EXERCISE RESPONSE UST 



SUBCOURSE 403 
PRINCIPLES OF FUELS AND FUEL SYSTEMS 



JULY 1975 



DEPARTMENT OF ARMY WIDE TRAINING SUPPORT 
US ARMY ORDNANCE CENTER AND SCHOOL 
ABERDEEN PROVING GROUND, MARYLAND 



NOTICE 



The incloaed responsea are listed in numerical order. After making 
a circle around the number of your choice on the ANSWER SHEET, check 
the aame number on the exerciae response list. If you selected the correct 
anawer, the response will indicate it with the word ^'CORRECT*' appearing 
aa the firat word. Read the response for further information and then 
proceed to the next question. If the response shows you have not selected 
the correct choice, read the information presented to find out why your 
choice was wrong and where you can find the correct answer. The suggested 
references are designed to cover major teaching points in each lesson, thus 
reinforcing the student's learning process. 



REMINDER! ! Be sure to PRINT your name, grade, social security account 
number, subcourse number, and date in the top left corner of your 
answer sheet before you start your first exercise. 




KESPONSE 



NUMBER RESPONSE* 

100 CORRECT. The water jacketed intake manifold maintains the 
temperature of the air entering the cylinders at 150 F even in cold 
climates* 

101 ParaX 

103 Para 7b 

104 Para la 

109 CORRECT. A small and short intake manifold will retain the air velocity 
for good fuel distribution. 

110 Para 2a 

112 CORRECT. The heating of a liquid will aid in the movement of the 
molecules into the air. 

113 Para 2c(2) 

116 Para 2g(l) 

117 CORRECT. This is always a good test method to use when checking 
continuity. 

119 Para 7c 

122 Para 5b(l) 

124 Para lJy< 

129 CORRECT. A spring moves the plunger down if it has been raised by 

the vacuum. 

133 Para Z\/ ck 

134 CORRECT. Any problem such as leaks, restrictions, or dirt that 
causes the oil pressure to drop below 28 PSI will cause poor engine 
idling. 

i36 CORRECT. The rotating generators receive the hot exhaust gases from 

the turbine and cool the gases as they pass through them. 

138 ST 9-177, para 3-2c(2) 

141 Para 5a 

143 Para 3b 



nf your response is not listed CORRECT, check the indicated reference for the proper 
answer. 
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145 ST 9-177, para 3-2f(3) 

147 ST 9-177, para 6-lb(l) 

150 Para 6b 

152 Para 2e 

154 . Para 6e(2)Cc'^ 

156 CORRECT. The function of the accelerating pump is to supply additional 
fuel when the throttle is suddenly opened. 

161 CORRECT, The power stroke of a 4-stroke-cycle engine is longer 

because the exhaust valves stay closed longer. 

164 ST 9-177, para 3-2f(3) 

166 Para 2a 

167 CORHECT. Injection components require fuel that is free from all 
foreign material. 

170 Para If 

173 Para 5a(3) 

175 Para 5b(8) 

177 CORRECT. The fuel-air mixture is diluted by a high percentage of 
inert exhaust gases at engine idling speeds. 

178 Para 7c 

179 CORRECT. This is the pressure that is applied to the fuel in the 
float bowl. 

184 CORRECT. The logistical problems plus the fact that gasoline engines 

operate only on high octane fuel — for which there is no suitable substitute. 

188 CORRECT. The spring closes the poppet on the valve in the circuit, 

191 CORRECT, When air is passing through the venturi it creates the 
pressure difference, causing fuel to discharge from the fuel nozzle, 

192 Para 3c 
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194 ST 9-177. para 7-5h 

195 CORRECT. It would be very difficult to achieve a uniform rate of fuel 
♦ Injection using this method. 

197 Para 3b 

200 CORRECT. The maximum package weight is 6 pounds per horsepower. 

204 CORRECT. The choke valve is placed above the venturi, so when it 
is closed it will create a high-pressure difference at cranking speeds. 

205 ST 9-177, para 3-3e(l) 

206 CORRECT. The valve opening is hot affected under these conditions. 

207 ST 9-177, para f-2a(3)(e) 

210 CORRECT. The fuel is sprayed in the chamber in the direction of the 

air swirl. 

213 CORRECT. A reading in ohms of any number from 25 to 32 indicates the 

field coils are serviceable. 

215 Para 2f 

218 ST 9-177. para 3-2f(3) 

220 Para 5a(2) 

223 Para Ic 

225 Para 6e(2)(d) 

227 CORRECT. If you check table I you will find the AVSI 1790-6 engine 
uses this model of the Simmonds pump. 

228 Fara 3h(l) 
231 Fara 4c 

233 CORRECT. The camshaft operates the overhead valves and push 

rods from a gear that is part of the helical gear train and located at the 
fan end of the engine. 

235 CORRECT. This would be the approximate temperature for igniting 
a homogeneous fuel-air mixture under still conditions. 

236 CORRECT. Atmospheric pressure on the fuel will force it from the 
bowl when a partial vacuum is created at the outlet nozzle. 

239 ST 9-177, para 4-3f{l) 

241 Para Ic 
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242 Para 2c 

243 Para Ic 
245 Para 5a(4) 

248 CORRECT. When an electric fuel pump is used on a vehicle it nornnally 

is placed in the fuel tank. 

253 Para 2d(3) 

256 Para 3c 

259 CORRECT. The stepped end of the nnetering rod fits in the high speed 
jet. When the rod is raised, more fuel enters the high speed circuit. 

260 Para 2c 
264 Para 3c(3) 

268 CORRECT. With a metering valve hanging open, the engine will pop 

under load conditions caused by a lean mixture. 

271 Para 5b(7) 

274 Para 2e(2) 

276 Para 7d 

277 Para 2b 

278 Para 2e 

279 Para 2d(3) 

282 CORRECT. Jets spray oil on the underside of the pistons to aid in 
the cooling process when the engine is operating. 

284 ST 9-177, para 2-3b(l) 

288 Para /d(4) 

289 Para 4c 

290 Para 3a 

292 Para 2c 

293 Para 2d 

295 Para 2e 

296 CORRECT. When the spring is heated it opens the valve and, as it cools, 
it closes the valve. 
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298 Para 2d(3) 



299 



CORRECT. The air bleed allows air to enter the fuel circuit where it 
helps to atomize the fuel. 

304 ST 9-177, 5-1 

307 Para 2a(4) 

309 CORRECT. This is the temperature at which thermal cracking of 

crude oil is accomplished, 

311 ST 9-177, para 4-3b(2)(b) 

313 Para 5a(2) 

316 CORRECT. A leak in the manifold line will allow additional fuel to 

enter and mix with the air-fuel mixture, resulting in a rich mixture, 

320 CORRECT, The skew shaft is a machined mechanite casting containing 

self-lubricating properties, 

323 ST 9-177, para 4-3f(l) 

324 CORRECT, A metering rod is used in some carburetors instead of 
the power jet, 

326 Para 2d 

330 Para 2d(4) 

333 Para 2e(3) 

336 CORRECT, This happens in a carburetor when the globules of gasoline 

mix with air, 

339 Para 5b(4) 

341 Para 2d 
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CORRECT. The iso-octane has a great resistance to detonation before 
ignition takes place at the proper spark setting. 



344 Para 5a(4) 

347 Para 2e(2) 

349 Para 2e(2) 

350 ST 9-177. para 5-3c 
352 Para 6e(2)(i) 



356 CORRECT, The ai;: moving through the air horn creates the pressure 

differential that ope'is the off center choke valve. 
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358 CORRECT. The atmospheric pressure moves the piston cylinder 

against the spring tension* 

360 Para 5b 

362 CORRECT. An Impeller Is essential for proper distribution of the 
fuel in a radial engine. 

363 Para 6e(2)(c) 
365 Para5b(l) 
367 ST 9-177, para 2-3b(l) 

369 CORRECT. Soft steel Is used because of the pressures caused by the 

injection of fuels. 

372 Par^t 5a 

375 CORRECT. The percentage of hydrogen content to carbon determines the 
potential heat energy per unit. The greater the hydrogen content of 
hydrocarbon molecules, the greater the heat potential. 

376 ST 9-177, para B-Be^l) 

378 Para 9f 

379 Para 2d(3) 
382 Para 7d 
385 Para If 

389 ST 9-177, para 6-lb(l) 

390 Para 3b 

391 Para 9e 

392 Para 2c(2) 

393 CORRECT. It Is difficult to obtain maximum economy in an engine 
because of incomplete mixing of fuel and air under the various loads 
and speeds. 

394 Para 2^ b 

396 Para 5c 

397 Para 2c(3) 
400 Para 6e(2) U ) 

402 CORRECT. The valve is controlled by pressure differences to 

reduce the amount of fuel flow in relation to the reduced airflow, 
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403 ST 9-177, para 7-5a 

405 Para 5a(4) 

407 CORRECT. The supercharger requires additional power to operate; 
therefore, more fuel is required for operation of the engine. 

408 CORRECT. When the throttle is closed, a restriction or small 
opening is created. This creates a high vacuum below the throttle 
valve. 



409 ' Fara 5b 

412 Fara 2d 

415 ST 9-177, para 3-2f(3) 

416 CORRECT. This must be done so the proper ratio of air and fuel is 
delivered to the engine for all speeds and operating conditions. 

417 CORRECT. To compensate for the increase in temperature in the 
cylinder head, heat exchangers or sod'.um-filled valves are used. 

420 Fara 3a 

421 Fara Ic 

422 CORRECT. More air is packed into each cylinder with a supercharger. 
Remember, the greater the pressure at the beginning of a compressor's 
stroke, the greater the pressure at the end of the stroke. 

423 ' CORRECT. This condition will cause a rich mixture to enter the 

engine; therefore, more fuel will be used. 

425 ST 9-177, fig 5-25 

426 CORRECT. More air is forced into the cylinders and this produces a 
more constant fuel-air ratio, which increases engine power. 

427 CORRECT. This is created during the refining of crude oil. 

429 CORRECT, The undesirable effects, chargeable to detonation, are 

always factors to consider. 

432 Fara 3b 

434 Fara 6b 

437 CORRECT. The dry pump depends on a pocket of air while the wet 

pump has a spring; when the compressed air or spring expands, the fuel 
continues to flow. 
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440 Para 5b 

442 ST 9-177, table^ 

444 CORKECT. This fuel is first ignited and it, turn, ignites the main 

charge. 

448 CORRECT. The military required an engine that would use most types 

of fuel to help overcome fuel problems in areas of operation. 

452 CORRECT. The venturi creates a partial vacuum (or low-pressure area) 

at the outlet of the nozzle. 

457 Para 2g 

460 CORRECT. The temperature of the compressed air is the determining 

factor for any diesel engine to ignite. 

463 Para 3b 

465 Para 2g{2) 

468 ST 9-177, para 5-4^^- 

471 Para 2d 

474 Para 6e{2){d) 

477 ST 9-177, para 2-2c 

482 Para 2f 

483 Para Ic 

485 CORRECT. The vacuum booster pump assists or helps keep the 
windshield wipers operating during periods when the manifold vacuum 
is low. 

486 Para 2a 

488 CORRECT. The fuel density compensator is an integral component of 

the injector pump assembly. 

490 Para 81^ 

491 Para 2c(2) 

492 Para 2c 

493 Para2g(l) 

496 Para 2h(2) 

497 ST 9-177, para 7-5f 
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493 CORRECT, The combustion chamber injection is more effective during 

extremely high speeds, 

500 Para 2d(3) 

501 CORRECT. Carbon and hydrogen combined in other proper chemical 
elements will burn freely. 

504 ST 9-177. para 3-2d 

505 ST 9-177. para 4-3b(2)(b) 
508 ST 9-177, para 3-2c(2) 
510 Para 7d 

516 Para 2b(l) 

520 ST 9-177. para 4-3b(3) 

521 Para 9c 

522 Para 2c(3) 

523 Para 2e(3) 

524 Para 7d 

526 Para 5b(4) 

527 CORRECT. A catalyst used in this process breaks down some 
of the chemicals into usable fuels. 

529 Para 7b 

531 Para 5a(4) 

533 CORRECT. The fuel consumption is higher with a supercharged 

engine — so it is more costly to opera^ 

536 Para la 

537 Para 3c 

539 CORRECT. Hot air from the exhaust manifold is directed onto the 

thermostatic spring, 

541 CORRECT. You may find a fuel filter located near the tank or near 

the carburetor. The fuel must be filtered before it enters the carburetor. 

545 CORRECT. The volume is reduced one-half if the pressure is doubled. 

547 Para 4b 

549 Para 5a(l) 
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553 ST 9-177, para 7-5h 

555 Para 2a(4) 

559 CORRECT. The burning of fuel only, as it evaporates, prevents the 

knocking normally caused by low octane gasoline. 

562 CORRECT. A less volatile fuel will wash the oil seal from the cylinder 
walls and dilute the oil In the crankcase. 

563 Para Zc(2) 
565 Para 5b(7) 
567 Para 2c 

570 ST 9-177, para 2-2c 

572 Para 2e(2) 

573 CORRECT. You do this so the openings in the top and body will aline 
when assembling the pump. 

575 CORRECT. The gas turbine engine can operate on a wide range of fuels 

and maintain high torque at stall speeds. 

577 Para 2c 

578 CORRECT. The motor method test conditions are more severe and give 
truer results. 

579 Para 3b 

580 CORRECT. A centrifugal supercharger is a nonpositive, displacement- 
type pump. 

581 CORRECT. The main nozzle is positioned in the venturi and is part 
of the high speed circuit. 

582 CORRECT. If a fuel tank is positioned high enough, gravity will send 
the fuel to the carburetor so no pump will be needed. 

584 Para 2g(2) 

590 CORRECT. There is an outer and inner smaller spring that does the 
regulating. 

591 Para 2g 

594 Para 2e 

595 Para Ic 

597 CORRECT. If a positive-type pump was used to suppl/ fuel to a carburetor. 



a bypass line would be necessary to take care of excess fuel when the 
carburetor bowl was full. 
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500 CORRECT. These components are constructed to withstand the pressures 

developed by high combustion pressures, 

603 ST 9-177, para 4-3c(2) 

608 Para 3h(l) 

612 Para 2a 

615 ST 9-177, para 3-2d 

617 Para 2d(3) 

621 ST 9-177, para 4-3c(2) 

624 CORRECT, Compression ignition engines have a higher compression 

ratio than spark ignition engines because the compressed air produces 
enough heat to ignite the fuel-air mixture, 

627 Para 2g 

628 Para 9f 

629 ST 9-177, para 4-3b(3)' 

630 CORRECT, These are added to prevent the formation of gum deposits 
in the fuel system components, 

631 ST 9-177, para 5-3c 

634 CORRECT, The dual carburetor is so designed that the throttle valves 
are mounted on a single shaft, 

635 Para 5b 

636 Para 5c 

637 Para 2d 

638 ST 9-177, para 7-5a 

639 CORRECT. This is to hold the fuel in the accelerating pump cylinder 
until it is discharged, 

642 Para Zd^ 

643 Para 2g 

647 CORRECT, Excess fuel will be flowing into the system; therefore, 
the fuel consumption will be high, 

648 ST 9-177, para ^-2a(3)y^ 

o5l CORRECT, The compressed air pressing through the rotating regenerators 

is heated by the regeneratoi-s, 

11 
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6^7 CORRECT. Gasoline Is readily vaporized when heated and will be 

one of the first products released when distilling crude oil. 

661 CORRECT. These chemical properties of gasoline tend to oxidize, 
which causes gums to form in fuel system components. 

662 Para 2d(3) 
665 Para 5a(l) 

669 ST 9-177, para 5-4e 

672 CORRECT. The heated compressed air enters the combustors where the 

injected fuel is Ignited. 

674 Para 2b(l) 

677 ST 9-177, para 5-25 

679 Para 2d(3) 

682 CORRECT. Also included would be free-piston engines. Turbines 

are expected to approach diesel engine fuel economy at part and full 
load. 

684 Para 5b{8) 

685 Para 4b 
688 Para 5a(3) 

690 Para 2a 

691 CORRECT. This Is the circuit that provides the fuel to keep an engine 
operating while the vehicle is parked. 

694 ST 9-177, para 7-5f 

696 CORRECT. The "controlled evaporation" principle is the process 

developed by Dr. Meurer. This process Is sometimes called hypercycle. 

699 Para 2h(2) 
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91. 371 536 202 
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(Do not send these pages ir^ use the answer sheet provided for recording and mailing 
your solution. ) 

Requirement — 40 Questions — Weight 100— All items are weighted equally. 

MULTIPLE CHOICE 
(See instructions on answer sheet provided) 

1, What characteristic of carbureted air-fuel systems is the MOST undesirable in tactical 
situations? ^ 

a. Icing 

b. Excessive warmup time 

c. Inability to operate in all positions 
b. Backfiring 

2. What is taking place when the molecules of a liquid move from the liquid into the air? 



a. Condensation 

b. Evaporation 

c. Atomization 

d. Aeration 
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3. What type compresior pump ij MOST •uitable for gas turbine engines? 

a. Axial flo\v 

b. Root's blower 

c. Centrifugal vane 

d. Sliding vane 

4. The definition of volatility is "The ease with which the fuel is 

a, mixed with air for burning. 

b, atomized under pressure, " 

c. vaporized under prescribed conditions. " 

d. stabilized under heat. " 

5. What is generally established as the best air-fuel ratio in a gasoline engine? 

a. 12:1 

b. 13:1 

c. 14:1 

d. 15:1 

o. When overhauling a carburetor, which components must be installed as a matched set? 

a. Float needle valve and seat 

b. Accleration pump piston and cylinder 

c. Metering rod and jet 

d. Step-up piston and cylinder 

7. The Simmonds injector pump will deliver the MOST fuel when the 

a. capsule is expanded. 

b. skew shaft is high. 

c. skew shaft is low. 

d. plunger stroke is short. 

8. How would fuel injected engine operation be affected if the skew shaft of the injector 
pump were sticking? 

a. Mixture would be too lean during idling 

b. Engine acceleration would be poor 

c. High pressure oil would stop circulating through pump 

d. Wobble plate would stop oscillating 

9. To check the resistance in the armature windings of a 24-volt fuel pump, the test 
meter leads are connected to alternate commutator bars. How many ohms of 
resistance should the meter indicate if the windings are satisfactory? 

a. 0. 70 to I. 00 

b. 1. 35 to 1. 7 

c. 3.0 to 3. 85 

d. 5. 4 to 7. 0 
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10* Th« gr««ttst volumt of {utl-alr mlxtur* wlU tnUr th« inUk« manifold of an engine 
when the 

a, throttle valve li parallel to airflow. 

throttle valve is perpendicular to airflow, 

choke valve is closed, 
d, metering rod is seated in its jet, 

11. The fuel pumps used on MOST vehicles with gasoline engines 

a. are driven by a side gear on the distributor shaft, 

b. operate on the nonpositive pump principle, 

c. depend on gravity to feed fuel from the fuel tank. 

d. operate on th^* positive pump principle. 

IE. Which statement regarding the air-fuel induction system of a carbureted engine is 
TRUE? 

a. Fuel intake per cylinder is constant for all speeds 

b. Fuel input is the major factor limiting engine power output 

c. Air supply is the major factor limiting engine power output 

d. Air velocity through the carburetor horn is constant at all speeds 

13. What carburetor component aids in atomizing the fuel during idle spe«»d operation? 

a. Air bleed 

b. Needle valve 

c. fiowl vent 

c. Main venturi 

14. The accelerating pump circuits used inmost carburetors 

a. contain a venturi and air bleed. 

b. direct high air pressure to top of float bowl. 

c. supply extra fuel during high speed operations. 

d. are operated mechanically by throttle linkage. 

15. After the cover of a fuel pump ^with a vacuum pump assembly -las been separated from 
the body, what is the next step in disassembly? 

a. Move rocker arm and unhook links from dia^phragm 

b. Remove lower oil seal retainer 

c. File off riveted end of pump rocker arm pin 

d. Remove linkage and bushinj from rocker arm 

16. What is the greatest advantage in the use of multifuel engines as opposed to gasoline 
operated engines? 

a. Greater horsepower can be achieved 

b. Logistical costs in the transportation of fuel are reduced 

c. Cross-country maneuverability is improved 

d. Increased tactical applications due to reduced noise level 
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17. What Is associated with rapid combustion and a high rate of pressure rise in a gasoline 
engine ? 

a» Excess fuel consumption 

b. Loss of thermal efficiency 

c. Detonation 

d. Slow performance 

18. How much resistance, in ohms, should exist in the field coil when testing a 24-volt 
electric fuel pump? 

a. 80 to 85 

b. 90 to 97 

c. 100 to 109 

d. 113 to 1Z5 

1^ What action occurs in a multifuel engine that operates on the hypercycle principle? 

a. Slow evaporation produces a long burning time 

b. The fuel evaporates and ignites simultaneously with injection 

c*. 95 percent of the fuel ignites on contact with combustion chamber 

d. A maximum of 5 percent of the fuel is injected into swirling air of the chamber 

20. The amount of spring tension chat tends to keep a carburetor automatic choke valve 
closed is determined by the 

a. intake manifold vacuum. 

b. volume of air passing through the horn. 

c. temperature of the engine. 

d. pressure applied on throttle linkage. 

21. What must be done to a new diaphragm before it is installed in a mechanical fuel pump 

a. Apply sealing compound to outer edges 

b. Soak it in clean kerosene 

c. Apply a coat of shellac to engine side 

d. Soak it in hot water 

22. What condition exists when the throttle of a fuel injected gasoline engine is open £ast 
the idle or no-load position? 

a. The fuel air mixture is about 10:1 

b. Maximum power is developed 

c. The ignition phase is retarded 

d. Exhaust gas dilution is at its minimum 

23. What statement, in reference to the LDS-465-1 multifuel engine, is TRUE? 

a. It operates on a 10:1 compression ratio 

b. Its crankshaft is designed to withstand 3. 5^0 PSI firing pressures 

c. It operates on the principle of compression ignition 

d. It is designed as a short-stroke engine 
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24, On% of th« problems of carbureted alr-iuel induction that does NOT exist In Injection 
systems is that the fuel 

a, must be filtered extensively. 

b, may condense before reaching cylinder. 

c, vaporizes in the Intake manifold. 

d, supply pressure must be high. 

25, What are the two basic methods for rating fuels for automotive engines? 

a. Research and supercharge 

b. Motor and supercharge 

c. Motor and AN performance number 

d. Research and motor 

2b, What item is needed on the LDS-465-1 engine to keep the induction air warm during 
cold weather operation? 

a. Water jacketed manifold 

b. Off-vehicle heating kit 

c. Flame heater in the exhaust manifold 

d. Electric heater in the turbocharger 

27, Which is an undesirable characteristic of dlesel engines? 

a. Insufficient torque is developed at low speeds 

b. Excessive carbon monoxide is present in exhauot gases 

c. Starting is rather difficult 

d. The fuel does not ignite easily 

28, What causes a 3am formation in gasoline when it is exposed to high temperatore during 
storage ? 

a. Evaporation 

b. Oxidation 

c. Vaporization 

d. Condensation 

29, What is a disadvantage of GMT -305 turbine engines? 

a. Engine weight In comparison to horsepower output is excessive 

b. Engines cannot maintain high torque at stall speeds 

c. Complicated cooling equipment is required to maintain acceptable temperatures 

d. Deceleration of the engine does not assist braking action of vehicle 

30, Which item in the full-power circuit of a carburetor is controlled by the throttle valve 

linkage ? 

a. Metering rod 

b. Power jet 

c. Vacuum step-up 

d. Air bleed 
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31. Repair of a grounded armature from an electric fuel pump should NOT be attempted 
because 

a. repair part* are not readily available* 

b. the armature is in dynamic balance and cannot be disassembled for repairs. 

c. the pressure required for disassembly is a safety hazard. 

d. the armature and field coils must be in matched sets. 

32. What sUtemcnt in relation to gases is CORRECT ? 

a. Volume increases as the pressure applied increases 

b. Weight decreases as pressure applied decreases the volume 

c. Density increases as pressure applied increases 

d. Volume decreases proportionally with temperature increases 

American diesel engines are classified according to the 

a. speed at which engine normally operates. 

b. number of cylinders. 

c. horsepower the engine develops. 

d. cetane number of fuel required for the engine. 

34. Intake manifolds are built straight and short as possible in order to 

a. reduce ignition lag. 

b. lessen the chance of condensing the fuel. 

c. increase the fuel-to-air ratio. 

d. prevent engine backfire. 

35. Which carburetor malfunction will cause poor gas mileage? 

a. Leak around the manifold gasket 

b. Worn leather on the acceleration pump piston 

c. Float level set too high 

d. Choke valve remaining in the full-open position 

36. After the capscrews are removed from the mechanical fuel pump cover it can be 
separated from the main body by 

a. inserting a small screwdriver between the units and prying. 

b. securing body in a vise and removing cover with a wrench, 

c. tapping cover lightly with a wooden mallet. 

d. rotating cover in a counterclockwise direction. 

^7. Which vapors are separated first when crude oil is distilled? 

«i. Natural gasoline 

b. Kerosene 

c« Diesel oil 

d. Straight-run gasoline 
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38. What typt englnt li conaldertd to be % trv» multUutl engine? 

a« Dieael 

b, Gaaoline 

c, Gaa turbine 
Wankel 

39. What type combuation chamber ia found on 2-atroke -cycle dieael engi; 

a, Precombuation 
b« Turbulence 

c. Divided 

d. Open 

40. What ia a common cauae of preignition in the gasoline engine? 

a. Late timing 

b. Hot exhauat valves 

c. High octane fuel 

d. Cold intake valvea 



ERLC 



OS 403. E-P7 



